METHODS AND APPARATUS FOR ANALYZI NG SAMPLES AND COLLECTI NG SAMPLE FRACTI ONS
FI ELD OF THE | NVENTI ON [0001] The present invention is directed to nethods
and apparwousiii@o34anal yzi ng sanpl es and col | ecti ng sanplpeTiusaeitiiosssse Wi t h a
chr omat ogr aphy system BACKGROUND OF THE | NVENTI ON [0002] There is a need
in the art for nmethods of efficiently and effectively anal yzing sanples and
collecting sanple fractions with a chromatography system There is also a
need in the art for an apparatus capable of effectively analyzing sanples

and col | ecyETHOIFSAND APPARANUS FORMMRYYZING BAMPNEEVANSNCDRPBEITING Present

I nvention relates to the di scover'é of net hods for anal yzi ng sanpl es and
col l ecting sanple fractions wi t3HAMPERFEAZUONShy system The di scl osed
nmet hods provi de a nunber of advantages over known nethods of anal yzing

sanpl es. For exanpl e, the disclosed nethods of the present invention nmay
utilize ajﬁﬂ.ﬂf&?ﬁﬂwﬂle valve to actively control fluid flow
through aé 0odp§pst Oﬁ%edgF&%Prm\?é?stabﬁafs Hfré’&@&Stonr{éti%Hse%n(jea&para{u%O%r

restricti t ot al rate enperature, sol vent ‘conposition) do
not negat an@vzjnm spaplest and £ollcting samplenfraciigstwith atchrenatogmmay dysiest.or. The
di scl osed nethods of the present invention may also utilize one or nore

detectors to provide a nore conplete analysis of a given sanple, as well as
col l ecti OB_A&EWMM ions in response to one or nore
detector gjo@dpls frpd A€ 20RGPin Y SridBk SRHRSSs of efficiently and effectively

analyzing samples and collecting sample fractions with a chromatography system.
There is also a need in the art for an apparatus capable of effectively analyzing
samples and collecting sample fractions.

SUMMARY OF THE INVENTION
[0003] The present invention relates to the discovery of methods for analyzing

samples and collecting sample fractions with a chromatography system. The
disclosed methods provide a number of advantages over known methods of
analyzing samples. For example, the disclosed methods of the present invention
may utilize a splitter or a shuttle valve to actively control fluid flow through at least
one detector so that process variables (e.q., flow restrictions, total flow rate,
temperature, and/or solvent composition) do not negatively impact the fluid flow
through the at least one detector. The disclosed methods of the present invention
may also utilize one or more detectors to provide a more complete analysis of a
given sample, as well as collection of one or more sample fractions in response to
one or more detector signals from the one or more detectors.

[0004] The present invention is directed to methods of analyzing samples and
collecting sample fractions. In one exemplary embodiment, the method of analyzing
a sample comprises the steps of generating a signal from one or more detectors in a
liguid chromatography system, the signal comprising a detection response
component from at least one detector; and collecting a new sample fraction in a
fraction collector in response to a change in the signal, wherein the amplitude of the
signal is modified by the liquid chromatography system. In one exemplary
embodiment, the signal may comprise (i) a detection response component from at



[ 0004] The present invention is directed to nmethods of anal yzing sanples and
collecting sanple fractions. In one exenplary enbodi nent, the nethod of
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[0007] In an even further exemplary embodiment, the method of analyzing a

sample comprises the steps of generating a signal from one or more detectors in a
liguid chromatography system, the signal comprising a detection response
component from each detector; and collecting a new sample fraction in a fraction
collector in response to a change in the signal, wherein amplitude of the signal is
modified by fluidic means. In one exemplary embodiment, amplitude of the signal is
modified by changing the amount of sample transferred to the ocne or more of the
detectors of the chromatography system, such as by changing the design of the



sanpl e transfer device. For exanple, in an exenplary enbodi nent where a
shuttle valve is utilized to transfer the sanple to the one or nore

det ect or swotzhe/iapant of sanple transferred may be accomplritsb@d/obsséehangi ng
the size or shape of the shuttle valve rotor or stator chanbers or

channel s, the use of nmultiple valves or nmultiple valve conponents having
different stator or rotor chanber or channel sizes, or by using different
val ve operating conditions (e.g., changing valve rotation frequency). In an
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[0013]In a further exenplary enbodi nent, the nmethod of anal yzing a sanple
conprises the steps of generating a signal fromtwo or nore detectors in a
| i qui d chwormatiogoaphy system the signal conprising a deCeaszan/osssponse
conponent from at | east one detector; and collecting a new sanple fraction
in a fraction collector in response to a change in the signal; wherein the
two or nore detectors conprises nultiple detectors having different dynam c
ranges. [0014] The present invention is also directed to an appar at us
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[0013] In a further exemplary embodiment, the method of analyzing a sample

comprises the steps of generating a signal from two or more detectors in a liquid
chromatography system, the signal comprising a detection response component
from at least one detector; and collecting a new sample fraction in a fraction
collector in response to a change in the signal; wherein the two or more detectors
comprises multiple detectors having different dynamic ranges.

[0014] The present invention is also directed to an apparatus capable of
analyzing a sample. In one exemplary embodiment, the apparatus for analyzing a
sample comprises system hardware operatively adapted to generate a signal from
one or more detectors in a liquid chromatography system, the signal comprising a
detection response component from at least one detector; and a fraction collector
operatively adapted to collect a new sample fraction in response to a change in the



sanpl e conpri ses system hardware operatively adapted to generate a signal
fromone or nore detectors in a |iquid chromatography system the signal
conpri si yoaodetdexssi on response conponent from at | east pomaSd@tim83i366 ; and a
fraction collector operatively adapted to collect a new sanple fraction in
response to a change in the signal, wherein the |liquid chronatography
systemis operatively adapted to nodify anplitude of the signal by fluidic
means. I n one exenplary enbodi ment, anplitude of the signal is nodified by
changi ng igRalaerdin Ahe $Quﬁ§|c$trérh@t6§fa©h9 e sfefh [shepratvelf adEited @ nidifty
detectors of the chromatography system such as by changing the de5| gn of
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or nore d@tﬁr@ﬁﬁa@fg‘rapﬁy 8ysdtemuistlclé ASOPP IcORTpARIIY sGHiEr€ Br 4 Remputifideag&BIBr | Si ng
a detection response conponent fromat |east one detector; and a fraction
col | ect or m@ﬁ%t. vely adapted to collect a new sanple fraction in response
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[ 0021] I n anot her exenpl ary enbodi nent, the apparatus for analyzing a sanple
conpri ses system hardware operatively adapted to generate a signal from one
or nore d&Deotiors34sn a |iquid chromat ography system thecsiuseah/oasapri si ng
a detection response conponent fromone or nore detectors; and a fraction
col l ector operatively adapted to collect a new sanple fraction in response
to a change in the signal; wherein the liquid chronmatography systemis
operatively adapted to generate the signal fromat |east about 30 uUm n. of
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anot her eSHNAAE @W’&@g todfApSTet W@ g i e qr@rordﬂﬁﬂeﬁﬁtﬁ‘&o@ HiengR

conpr i SestrérYs?érel’E‘té‘ﬂ{éijM@é ﬂ*ldm%rdaﬁy ¥itdple @dmpbﬁ&ttume%%ﬁg@tw sifig $Maliplérom t wo
or nore detectors in qui d chr omat ogr aphy _syst the signal conprising

a detecti %‘H'@é’%ﬁbﬁ%é‘%)?ﬁ@ﬁ%?p‘?rﬁmﬁ eRiElitans ph e %Fé'f@ﬂ?)or s; and a fraction

col I ect orjoppgr at i veh Yarrfidt éﬁbrﬁﬁlaﬁpleh%ﬂirﬁeme%é%bﬁatué a6t iaPBlykAgr gsponse
to a change in the signal; wherein the t or. nore detectors conprlses

mul tiple m@etwrﬁ%ﬁu@tew hargwars 089@8\4% afdanigddo geneate 1ansigedl TEMdt her

exenpl ar yogargp fHovre Metedtdls i3 RPRIAY @ﬁrcfn%to@@@h)yéyéigmatﬁgﬁhﬂ ERRHSIrREs a
fraction coI lector in a liquid c romatograp y e fraction
Ao andy

col | ect or IHEFHRY BSEPATS 9@?190%%[36{% at degst png drfarin eollgcif ocess

one or mé@erﬁﬂ@ﬂﬁhé&ﬁté@% @éllécﬁé%@é@nﬂ@&%ﬁ@ﬁ in ﬁs@ﬁorﬁéé to &@hérﬂ_&tm(%ﬁé or
nore sanple fractions based t he nore signal s. 5] The met hods

and appar 8918l yheteie @é‘i’\t"hff’rﬁ%@%"a@ﬁy ﬁﬁ?ﬁe@o'ﬁﬁﬁ%@"@{y a(gapted 0 modify

amplitude of the signal by the detector design. In one exemplary embodiment,
amplitude of the signal is modified by changing the physical properties of sample
that reaches the one or more of the detectors of the chromatography system. For
example, in one exemplary embodiment where an EPD is utilized, the physical
properites of sample that reaches optics portion(s) of the ocne or more detectors may
be changed, such as by the use of different impactors (e.qg., flat plates or screens) or
use of different drift tubes, or combinations thereof. In another exemplary
embodiment, the signal level of the one or more detector(s) may be modified by
changing the mechanical elements of the detector(s). For example, in an exemplary
embodiment where an EPD is utilized, the nebulizer, drift tube, or optics block
design, or combinations thereof may be modified. In another exemplary
embodiment, the signal level of the one or more detector{s) may be modified by
changing the operating conditions of the detector(s).

[0019] In an exemplary embodiment, the apparatus for analyzing a sample
comprises system hardware operatively adapted fo generate a signal from one or
more detectors in a liquid chromatography system, the signal comprising a detection
response component from one or more detectors; and a fraction collector operatively
adapted to collect a new sample fraction in response to a change in the signal;



| east one detector. Suitable detectors include, but are not limted to,
non-destructive detectors (i.e., detectors that do not consune or destroy

t he sanplwodoarivragsdet ecti on) such as UV, R, conducti vi PgI/Uskaangseence,

| i ght scattering, visconetry, polorimetry, and the like; and/or destructive
detectors (i.e., detectors that consune or destroy the sanple during
detection) such as evaporative particle detectors (EPD), e.g., evaporative
| ight scattering detectors (ELSD), condensation nucleation |ight scattering
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mobi | e phaidaal (SIS (e Hidyd SREomRBRPENSSIeHL it OPEIERVAY AEeRPH P Coledet ect or
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the chem §@hﬂl@rﬁdr{ﬁp’ris@33@§ie&t adrdWard obb@tip@lgl@dab@al?t@] ddirr4te e sighall frrent i on
is even further di ‘rf?t dto cgqr]rgélt Er reada h’? medi um havi ng stored thereon
conput er - BXe CUHYP LA PUBE £PMAEPYEPRY Y16 it SIOBRICHRPHING et hod
steps in ascin tdipomsetRhponertiiohPdhe deatre RietbchRs et a TraGtic BHlIdcRI
readabl e nedi um nma sed to lication code onto a aratus or
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provide loqgic fqr, perfqQqrmng o or, npre of the nethod steps descri bed
erein. B S84 1070 9peSt oD 50 t4Be " (S0P PO GL ot Of BrGr es and
advant agegetetiotdhe present invention will becone apparent after a review of
the foll ow detail ed . description of the disclosed exenpl ar nbodi nment s
and the ali9eAted. oI iR ST PhPERICTE FRES AEARESC! (PE0ATR & 1
depi ct s asarfplergonairisek isgstieth BAaRRE opeiEsly Sidapea tof gdrlReatdresigndl fravent i on
corrpr|5|2§ asplitt [ RUmn to.ac%vz)w cont‘;ol fIwng'ifl,owto a detector;
[0029] FI "% OnGHIe CEeqiPHR A LGUR SRR ITERNY SKHP O JOABHP Y SIWR of 1 he

detection response component from one or more detectors; and a fraction collector

operatively adapted to collect a new sample fraction in response to a change in the

signal; wherein the one or more detectors comprises an ELSD and the signal is

generated from a light source of greater than about 1 mW.

[0023] In another exemplary embodiment, the apparatus for analyzing a

sample comprises system hardware operatively adapted to generate a signal from

two or more detectors in a liquid chromatography system, the signal comprising a

detection response component from one or more detectors; and a fraction collector

operatively adapted to collect a new sample fraction in response to a change in the

signal; wherein the two or more detectors comprises multiple detectors having

different dynamic ranges.

[0024] In yet another exemplary embodiment, the apparatus for analyzing a

sample comprises a fraction collector in a liquid chromatography system, the fraction



present invention conprising a splitter punp and a detector; [0030]FI G 3A
depicts an exenplary liquid chromat ography system of the present invention
conpri si yoaoslmdbisse val ve and a detector; [0031] FI GS. ¥BTARS2alaB3366 t he
operation of an exenplary shuttle valve suitable for use in the present

I nvention; [0032]FIG 4 depicts an exenplary liquid chromatography system
of the present invention conprising a splitter punp and two detectors;
[0033]FIG 5 depicts an exenplary liquid chromatography system of the
present i sylRetor GRINgIPRFAtREyGadaptedspl(i) réigneReeRs AntiWlosts @Bk @F Hiore

o2 ehr CoRat Bk e B e BRSSP bR Sl
based on the one or more signals.
[0025] The methods and apparatus of the present invention may comprise at
least one detector. Suitable detectors include, but are not limited to, non-destructive
detectors (i.e., detectors that do not consume or destroy the sample during
detection) such as UV, RI, conductivity, fluorescence, light scattering, viscomeiry,
polorimetry, and the like; and/or destructive detectors (i.e., detectors that consume
or destroy the sample during detection) such as evaporative particle detectors
(EPD), e.g., evaporative light scattering detectors (ELSD), condensation nucleation
light scattering detectors (CNLSD), ect., corona discharge, mass spectrometry,
atomic adsorption, and the like. For example, the apparatus of the present invention
may include at least one UV detector, at least one evaporative light scattering
detector (ELSD), at least one mass spectrometer (MS), at ieast one condensation
nucleation light scattering detector (CNLSD), at least one corona discharge detector,
at least one refractive index detector (RID), at least one fluorescence detector (FD),
chiral detector (CD), at least one electrochemical detector (ED) (e.g., amperometric
or coulometric detectors), or any combination thereof. In one exemplary
embodiment, the detector may comprise one or more evaporative particle
detector(s) (EPD), which allows the use of chromaphoric and non-chromaphoric
solvents as the mobile phase. In a further exemplary embodiment, a non-destructive
detector may be combined with a destructive detector, which enables detection of
various compound specific properties, molecular weight, chemical structure,
elemental composition and chirality of the sample, such as, for example, the
chemical entity associated with the peak.
[0026] The present invention is even further directed to computer readable
medium having stored thereon computer-executable instructions for performing one
or more of the method steps in any of the exemplary methods described herein.
The computer readable medium may be used to load application code onto an
apparatus or an apparatus component, such as any of the apparatus components
described herein, in order to (i) provide interface with an operator and/or (ii) provide
logic for performing one or more of the method steps described herein.



[0035]FIG 7 depicts an exenplary liquid chromatography system of the

pr esent

I nvention conprising two shuttle valves and two detectors;

[ 0036] FI G&vo2odepdzats an exenpl ary |iquid chromat ogr aphy PEyaiSemmio8s3bhe

pr esent
scatteri

i nvention conprising a splitter punp, an evaporative |ight
ng detector (ELSD), and an ultraviolet (UV) detector; [0037]

FIG 9

depi cts anot her exenplary |iquid chromatography system of the present
i nvention conprising a splitter punp, an ELSD and an UV detector;

_ 2IPA- 10@?@@@ lagl e fOR@Fa! ér@a@fan@dgeewml’ﬁé Qfe}éeﬁﬂﬂpédt%n\lﬂll ve
suitable for use in the eprese,nt i nvent | on; OQIQ’%]L;@ G. 11 depicts aé;
ELSD r espBf¥Ng aPRAENt fer e vienirtae felawiio defel SRHRYAN-Gt tﬁ% gisglose
an exenpl gkgmeBRsrEbEMmapiRYarneMEE apbeiddd @aipisesent i nvention; and

[ 0038] FI

BRIEF DESCRIPTION OF THE FIGURES

[0028] FIG. 1 depicts an exemplary liquid chromatography system of the
present invention comprising a splitter pump to actively control fluid flow to a
detector;

[0029] FIG. 2 depicts another exemplary liguid chromatography system of the

present invention comprising a splitter pump and a detector;

[0030] FIG. 3A depicts an exemplary liquid chromatography system of the
present invention comprising a shuttle valve and a detector;

[0031] FIGS. 3B-3C depict the operation of an exemplary shuitle valve
suitable for use in the present invention;

[0032] FIG. 4 depicts an exemplary liquid chromatography system of the
present invention comprising a splitter pump and two detectors;

[0033] FIG. 5 depicts an exemplary liquid chromatography system of the
present invention comprising two splitter pumps and two detectors;

[0034] FIG. 6 depicts an exemplary liquid chromatography system of the
present invention comprising a shuttle valve and two detectors;

[0035] FIG. 7 depicts an exemplary liquid chromatography system of the
present invention comprising two shuttle valves and two detectors;

[0036] FIG. 8 depicts an exemplary liquid chromatography system of the
present invention comprising a splitter pump, an evaporative light scattering detector
(ELSD), and an uitraviolet (UV) detector;

[0037] FIG. 9 depicts another exemplary liquid chromatography system of the
present invention comprising a splitter pump, an ELSD and an UV detector;

[0038] FIGS. 10A-10C depict the operation of an exemplary shuttle valve
suitable for use in the present invention;

[0039] FIG. 11 depicts a graph of ELSD response values for the separation of
various natural products using an exemplary chromatography system of the present

invention; and

raph of
usi ng



WO 2011/ 140345PCT/ US2011/ 035366 [0040] FIG 12 depicts a graph of ELSD
detector response values for the separation of caffeine using an exenplary
chr omat ogwvapbhy/myzsem of t he present invention. DETAI LEPCDES@RIBIIEGN OF THE
| NVENTI ON [ 0041] To pronote an understandi ng of the principles of the
present invention, descriptions of specific exenplary enbodi nents of the

I nvention follow and specific | anguage is used to describe the specific
exenpl ary enbodi nents. It will neverthel ess be understood that no

: imtati OIDXFD] t he ﬂepafzodemétg d lg)(rﬁmt bOBELED Hétbétgdedsﬂrl:)nfséhﬁlmem@fthép6d fic
anguage terati urther nodifications, and suc urt a cations
of Lhe pr PARAEIRL Ob Peeiee helGea Sremein phroTATRRS N o e AL as

woul d normﬁbhmxpccur to one ordinarily skilled in the art to mhlch t he

i nvention S . I ﬁv Rﬁ%g t hat as used herein and in the
appended nd", and 'the" include plural

referents| omahpss t h% p‘r@ﬁfoﬁé(én gh@@r@iayldmgfaf iﬁﬁeﬁﬁrlrﬂﬁﬂl@é w He. préféum mvé@trorexarml e,
reference to " vent " i ncl es a ura It¥ f sol vents and

refer enced?ﬁf”ﬁ’g‘?ﬂﬁx%fn%’ecffﬁc%? HeeNts @ H?f‘e‘“&?”t#ﬁﬂ follow | apd fPgcifif
Fg(u)lzl\?i?l %taﬁt M@-;r g@f ué‘étp\f@ﬁf H@sdnb@sﬂnlélgpbbiﬁd efbrﬁ[b‘lﬁryare?nbo@nﬁerﬂg BQf t\lgﬂi

ou or npl e qu of ap ingredient in a
conposi t i B‘?’l"er@g%é n‘%/‘? é’?]idSF?éooqlg‘ﬂn%% !'”B%E’és‘g {h @e IMeHEeR IS ¢ i mes,
recoveri epteidedi ) ffe ubé QW gpaties, Ear@glﬁgbl kaltatations fu@rﬁ@ ﬂh@ﬂﬂ@&tadnbeéﬁ@f
enpl oyed in des t he di sclosure, refers

ri bing the e | ar odi ment s
to vari at $¥h ﬁ%’i"%?ﬁépﬁ Pp%éﬂ %%‘P%‘Pk‘?st‘Pfatlhen%fﬁs%c'm’empﬁr‘i%ﬁ%@ &ret hr ough

typi cal np@fshpREPasdwBaRHIrMEIPEERR 666 ordifdrbHaIddRANE it @O whRAMRE 1N
t hese procedures; through differences in the ingredients used to carry out

the met hotl¥entgRdarians. proxi mate considerations. The term "about" al so

encorrpasswmgpvunt $t mbgttbedhéfe@rm@lws USecPEErah @I‘ﬁd M fﬁw@rampbaaed)mawm hha
partlcular |n|t ration or mxtur hat differ due to

mi xi ng or ‘BQ‘H%"e é’Pﬁgaa t’-1‘ "nieh tt %dﬂw%pw%ﬁ%r%$ HF"eiS%Ffle‘l CANPBAEBAY r at i on
or m xt ur gictaWrestherwis@ diHus efbr R¥ambR, tdemhce kot solldir" BRUES agnRemdes hereto

I nel ude e u' vaI entts é&? tfhiSa %e éj Qs% Jetnlt"%ﬁclu&gsoéﬂrgcéj tsoegneh grr %Bpe scgiegnté erm
"anpl i t udHCNRONRTS ARJ Egferenge

and equivalents thereof known to those skilled in the ant, and so forth.
[0043] “About" modifying, for example, the quantity of an ingredient in a
composition, concentrations, volumes, process temperatures, process times,
recoveries or yields, flow rates, and like values, and ranges thereof, employed in
describing the exemplary embodiments of the disclosure, refers {o variation in the
numerical guantity that may occur, for example, through typical measuring and
handling procedures; through inadvertent error in these procedures; through
differences in the ingredients used to carry out the methods; and like proximate
considerations. The term "about" also encompasses amounts that differ due to aging
of a formulation with a particular initial concentration or mixture, and amounts that
differ due to mixing or processing a formulation with a particular initial concentration
or mixture. Whether modified by the term "about" the claims appended hereto
include equivalents 1o these quantities.
[0044] As used herein, the term “amplitude” means the size of
chromatographic peak displayed by a detector.
[0045] As used herein, the term “chromatography” means a physical method
of separation in which the components to be separated are distributed between two
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chr omat ogr aphi ¢ peak displayed by a detector. [0045]As used herein, the
term "chromat ography” nmeans a physical nethod of separation in which the
conponentwotolibgozspar at ed are di stri buted between two PpmASesL1/085366 Of
which is stationary (stationary phase) while the other (the nobile phase)
noves in a definite direction. [0046] As used herein, the term"dynamc
range” nmeans the ratio of a specified maxi nrum | evel of a paraneter, such as
power, current, voltage or frequency, to the m ni num det ectabl e val ue of

t hat par : ; : | A Qﬂfﬂ% Wi Sul tiple
bet ween t esgrgr’af)bé;sc{fqgnr'\@{ F:S;rggtgg'?&ga(%%lﬁéha un?’eg%\'}\%?@%%%ﬁ%@t @Ig 'cl)émvm |1
proper |y phdsgymovehin 4 deliniteghirestivn.ect or. [0047] As used herein, the term
"gai n" t he anpl | £/ i d r oS-G 0 ] e

her ei n, mte@gﬁ?}er m"[l qglg%ffgf?{%ﬁfa%egﬁgmy%@@sr@:qg Zﬁ%%rgsa& fbgrrlé(‘r;of lb?ﬁ é)?t ures
by passi ngpegifieduimaximun uleseldios solpaeameter.astciolsisl poyamseranhr oitfgea ot ol um
conpri si t] : ﬁ.ﬂﬁpr, ' t yt ' e

t ar get sﬂ%%@gﬁ%@) b???m}lnd@ er rgg\lf%éu %E\%]Rﬂef? Zﬁar% %ﬁ@%?éarhdﬁ}aﬁl?eo%geﬁebpto be

i sol at ed. agriioatginadynareid rasgeimeanshther aulfiplenbbiwaenpifgsemaliashrandalatgest d

liquid, asagﬁﬁe aflount at which the detector will properly trigger the fraction collector.

[0047] As used herein, the term “gain” means the amplification of the detector
signal.
[0048] As used herein, the term “liquid chromatography” means the

separation of mixtures by passing a fluid mixture dissolved in a "mobile phase"
through a column comprising a stationary phase, which separates the analyte (i.e.,
the target substance) from other molecules in the mixture and allows it to be
isolated.

[0049] As used herein, the term “mobile phase” means a fluid liquid, a gas, or
a supercritical fluid that comprises the sample being separated and/or analyzed and
the solvent that moves the sample comprising the analyte through the column. The
mobile phase moves through the chromatography column or cartridge (i.e., the
container housing the stationary phase) where the analyte in the sample interacts
with the stationary phase and is separated from the sample.

[0050] As used herein, the term “stationary phase” means material fixed in the
column or cariridge that selectively adsorbs the analyte from the sample in the
mobile phase separation of mixtures by passing a fluid mixture dissolved in a
“mobile phase" through a column comprising a stationary phase, which separates
the analyte to be measured from other molecules in the mixture and allows it to be
isolated.

[0051] As used herein, the term “flash chromatography” means the separation
of mixtures by passing a fluid mixture dissolved in a "mobile phase" under pressure
through a column comprising a stationary phase, which separates the analyte (i.e.,
the target substance) from other molecules in the mixture and allows it to be
isolated.

[0052] As used herein, the term “shuttle valve” means a conirol valve that
regulates the supply of fluid from one or more source(s) to another location. The
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a supercritical fluid that conprises the sanple being separated and/or
anal yzed and the solvent that noves the sanple conprising the anal yte

t hrough twe 200/un3¥5 The nobil e phase noves through the ehrarsatiogszphy
colum or cartridge (i.e., the container housing the stationary phase)
where the analyte in the sanple interacts with the stationary phase and is
separated fromthe sanple. [0050] As used herein, the term"stationary
phase" neans material fixed in the colum or cartridge that selectively

adsor bs t feutg@ ahivk enéy ofiiZeh@tHRmR IRekNmolién PRIV PBaSBISRRRIGH flga t8f
m Xt ures g%/ﬁtﬁasm ng a fluid mxture dissolved in a "nobile phase" through a

col umm co 8 ng a stationary phase, which separates the analyte to be

neasur ed fopgg) ot herasdeRiChdrem, ki tdh@ ALt wicingnfgad, lIvR, iahdtsgﬁbr%riﬁ@em at ed.
[ 0051] As s,g,-d herein, the term"flash chromat ography” neans the separation
of m xtur by passing a fluid mxture dissolved in a "nobile phase" under

pressure folmsm}lgh a Mxoluded KSR i BeNErd ShAtinRNA6Y PREER sMUoﬂﬂ, SRieayat es
the anal yte érin e.,. the target substance) from other nolecules in the
m xture am@vemPBne’ At flyid, Iewhich hewiis PoguPIIRNCEs 8Bd HEWediKeN SHRCYIES,

"shuttl e walb¥emof@anessirteraNe? withanyStidtdeaftibati®entt he supply of fluid
fromone or nore source(s) to another |ocation. The shuttle valve may

utilize rlOP8PY or ViSndesd hBtEbNEJeHByY SURSTRAIRHY e MeRBm WY [Bure@sPeARIfot her .
[0053] As gpetnth&ueiifcluddie ab@URts” ihichvarl 8RS sbode D% Ith bt 5898 of the

supercri téé:s%liute v%llu%, from about 0% fo about 40%, from about 0% to about 30%, from
about 0% to about 20% or from about 0% to about 10%.
[0056] The present invention is directed to methods of analyzing samples and
collecting sample fractions. The present invention is further directed to apparatus
capable of analyzing samples and collecting sample fractions. The present
invention is even further directed to computer software suitabie for use in an
apparatus or apparatus component that is capable of analyzing samples and
collecting sample fractions, wherein the computer software enables the apparatus to
perform one or more method steps as described herein.
[0057] In the chromatography industry, various types of samples are
candidates for isolation and purification by flash chromatography. In an exemplary
embodiment according to the present invention, detector signals from the sample
components trigger a fraction collector that isolates the compounds of interest from
the rest of the matrix. For proper operation, the amplitude of a component’s detector
signal must be sufficiently large for the software to discriminate between the
component’s signal and the background. In operation, the user inputs a threshold
amplitude value. Whenever the detector signal amplitude exceeds the threshold,
the fraction collector directs the peak to a collection vessel. If the component signal
amplitude is too low (below the threshold) it won't be collected. In many cases, the
components have sufficient quantity to generate signal amplitudes that will trigger
the fraction collector. However, for some sample types, such as in lead generation
or natural product isolation, the components are present in insufficient quantity to
trigger the fraction collectors. In those cases it's necessary to increase the detector
signal amplitude so that collection is possible.
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[ 0054] As used herein, the term"lam nar flow' neans snooth, orderly
novenment of a fluid, in which there is no turbul ence, and any given
subcurrenwOormuesowre or | ess in parallel wth any ot hepCmamsedy/03isb€urrent .
[ 0055] As used herein, the term"substantially” nmeans within a reasonabl e
anount, but includes anmounts which vary from about 0% to about 50% of the
absol ute val ue, from about 0% to about 40% from about 0% to about 30%
from about 0% to about 20% or from about 0% to about 10% [0056] The present

| venti onokggfl T eCUedid IR0 e RlngR) YHlMGo AP LERAN] CahleEting sarpl e

fractions presen vention1s her us capabl e
of anal yzapaarstamekpsablaniacaytieg samples inplogidbd detovons. The present invention
is even further directed to conputer software suitable for use in an
apparatus or apparatus conponent that is capable of anal yzing sanpl es and
collecting san‘ﬁééoﬂsaéﬂhdya’ng\ﬂhmp&isn t he conputer software enables the

pDa at usyoRePer | ORL anEe l iRh o R Al e ARy R AR IR hCand 0051 1 1

the chro raphy ‘i i fy, various t for
i sol ati onccdladturgmarhp@atractmnlsy Thashetbbdo whtanglyaipbya sempén neyecitainya

Campi o comTRE bt s fEar Ahich AYF PhactBea BRKFE: 001 21 85 1 he compounds

of interest fromthe rest of the matrix. For proper operation, the

anpl i tude of a, CO ﬂ%bﬁﬁ ’8'/6‘%%?%’:{?%" ﬁgaloér% b be sufficiently large for

t he softwaretod rim e’ co ent's signal and the
backgr oun@os60jn opeﬂrasenma exemplam emhodp)mﬂrﬁs af therpebaltdnamibn,ttbdenathddie.
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anpl i tudedetectboowhow (shnétterw pumep t br eshehulle i valwen' t Ope esbinptanedliquich many
cases,
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OOt SR ot R ST Sk E2aHB el 2d h RRE I SeIdsRL 00,
anpl i t udesgzont lbatletcad, (iRr4 | h‘r@@hdrﬁccﬂ!@@i@t b4 en ﬂuw\@o&m&fdaﬁﬁﬁwﬁaﬁtlé‘éa@ﬂﬂé 035366
[0058] A des’tgéH%t I1\(/))na Ist %)ét nPor%y mrrrlilaﬂdhgcgrgm%lcgt?(%! %ﬁi‘w ggc dngutlet 23 of tee

12, and (v) a splitter pump 15 positioned in fluid communication with second outlet

23 of tee 12 and first detector 13.

[0061] In this exemplary system, splitter pump 15 actively controls fluid flow to

first detector 13. As used herein, the phrase “actively controls” refers to the ability of

a given splitter pump or shuttle valve to control fluid flow through a given detector

even though there may be changes in fluid flow rate in other portions of the liquid

chromatography system. Unlike “passive” flow splitters that merely split fluid flow,

the splitter pumps and shuttle valves used in the present invention control fluid flow

to at least one detector regardless of possible fluctuations in fluid flow within the

liquid chromatography system such as, for example, flow restrictions, total flow rate,

temperature, and/or solvent composition.

[0062] The step of actively controlling fluid flow to a given detector may

comprise, for example, sending an activation signal to the splitter pump or shuttle

valve to (i) activate the splitter pump or shuttle valve, (ii) deactivate the splitter pump

or shuttle valve, (iii) change one or more flow and/or pressure settings of the splitter

pump or shuttle valve, or (iv) any combination of (i) to (iii). Suitable flow and
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apparatus capabl e of anal yzing sanples is provided bel ow. |.Methods of

Anal yzi ng Sanpl es [0059] The present invention is directed to nethods of

anal yzi ngveanples34and col | ecting sanple fractions. The merhisdsl1oBs3anal yzi ng
a sanple may contain a nunber of process steps, sonme of which are descri bed
bel ow. A Active Control of Fluid Flow To A Detector [0060]In sonme exenplary
enbodi nents of the present invention, the nethod of analyzing a sanple
conprises a step conprising actively controlling fluid flowto a detector

via a spl BEe%Eure%ﬁﬂw in@udd! Wit bR H@ ihfited (i \AH%%’E%EE)&&M X@' s.quﬁE‘F ;9u bography

system depictin a nmet'hod step I's shot FIG 1,
exenpl ar yof $fq1ililajvaih$ pressuigs Giprajr mysstémtqe velyepe! (e ainy cpmbinaliermmelt dQD aphy

col um 11 n||)( 'ﬁy?g%ll& e %21 J&?}Mh 99na ik i ﬁe ibfth f, {gr]?xr?ﬂ};{lé eIl Cq%%l and a

second ou rac I on coll'ector Ui d conmuni 'on with
first outé&aeneapab¢ Srgeel azigital ignal, ¢rig wireldss igo@dr 13 in fluid comrunication

i th tlet 23 d
L SSConeapt] et et KoK 1 INoloklpidy Sl BNk, 8R4 TRTEC |1
[0061] I n thiei $e;emfsaq;tlvalywcmyshlegﬂulslrﬂowmeietqmjmm aléorapmsesels;ngxﬂhttemwmbl ui d
fl to fi d , . h i, t h I | s"
et or st orf REPSEPTEI o tae J2 R Fidbidrite 1n e Rl R RoURnE ARk ot o
fluid fl osteplof aciielyacaitrodingdietdefiivoto &dehecﬂohmagfcorﬁrmnse usiny deplitbemges i n
fluid fl th ti f t liquid t
Ut e otbuifid Py@idheh o BRblr C8fent shalfm defioh BRI BRI 22 Lol or
punps i’ind OFMIHS ;Fadazlﬂs:iepm@eﬁefmmh@ l%mmesmbnqiamg??ﬁm?gysmmtzmﬂorﬁ%nlse@ldf:cf)w
to at |l east on etec regar 0 e uc S in ui ow
iR R pReRdSR eomB s T2 SRblnterc2. bt el 28 andryesqn
restricti gt 230%@ktidd eumecr a4 h&mb%mﬁicaﬁaﬁ/\@ﬂh ﬁr@ﬂ mr& 2004¥R@8 i 1t2: on.
[0062] The step of acti \ﬁg:gy controlling fluid flow to i ven det ect or may

conpri se, liebeetggigritdn eAAGUBiFatiR Y"U%@?%?Pdsﬁ)‘éﬂ%l%t% t@%ézs?ﬂ‘q gRldter punp” or

shuttle vg| 'rﬁﬁ 1r50pcfs'|t?on@8tsbvé.¢1% SURS P tHrbUGH BBy 9B fﬁﬂ%ééﬁdv&hl\é?zs i)
deactivate the splitter punp or shuttle valve, (iii) change one or nore

fl ow and/§€ ¥ressure settings of the splitter punp or shuttle valve, or

(iv) any gpghj nati gn Bnd bsitdd Ekdrhplary>BibdRInfertl, 08 #flie valve, such as
exemplary shuttle valve 151 shown in FIGS. 3A-3C is used to actively control fluid
flow to a detector such as detector 131. As shown in FIG. 3A, exemplary liquid
chromatography system 30 comprises chromatography column 11; shuttle valve 151
having chromatography cartridge inlet 111, fraction collector outlet 114, gas or liquid
inlet 115 and detector outlet 113; fraction collector 14 in fluid communication with
fraction collector outlet 114 of shuitle valve 151; first detector 131 in fluid
communication with detector outlet 113 of shuttie valve 151; and fluid supply 152
providing fluid to gas or liquid inlet 115 of shuttle valve 151.

[0066] In an even further exemplary embodiment of the present invention, a
method of analyzing a sample of fluid using chromatography includes the steps of
providing a first fluid of effluent from a chromatography column; providing a second
fluid to carry the sample of fluid to at least one detector; using a shuttle valve to
remove an aliquot sample of fluid from the first fluid and transfer the aliquot to the
second fluid while maintaining a continuous path of the second fluid through the
shuttle valve; using at least one detector to observe the aliquot sample of fluid; and
collecting a new sample fraction of the first fluid in a fraction collector in response to
a change in a detector response. In one exemplary embodiment, a continuous flow
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pressure settings include, but are not limted to, (i) a valve position,
(ii) splitter punp or shuttle valve pressure, (iii) air pressure to a

val ve, orwgQizodr/@masconbi nations of (i) to (iii). Typi calPCy/useéia/0assté vati on
signal is in the formof, for exanple, an electrical signal, a pneunatic
signal, a digital signal, or a wireless signal. [0063]As shown in FIG 1,
in exenplary |iquid chromatography system 10, the step of actively
controlling fluid flowto detector 13 conpri ses using splitter punmp 15 to
punp fl ui r i r nts,

Phe st ep BRare, B3y Ao SR SIEahRte aivg b abiiodRplR SR AE .

using a spfl iflutderis pemeved fp@ﬂ’!l th‘el dirsd ﬂlldidoudh anqibere@wmpla&ucﬂmlap@menbm
configura R iquid
Chr omat ogr2ifubds BRI LA fe fick AN scBoRE RS ol TR Shde) IU1 [
first inlealveare mandainediwhen te aligudt sawpldofoluid st repyved fiam thenfirgollviect or 14
in fluid comy outlet 22 of tee 12; first detector 13 in
fluid con%unlcgﬁgﬁﬁﬁfakwggégg%%gﬁgutlet 23 of tee 12; and splitter punp 15
posi ti onelf086] as t & popthet exerdpkens enghdisent ecerrding to therptaseshiventidnet 23 of

t 12 h
s S exermt aothed of RERGART & G pRX ARG Lk ERRTEBIRy Trolits 'he siepe | 0°
cont r ol fpr@mthfg a\iirsiofled denuxisng dhecsaragledesing taoshuiia . vaiNe tohtammovenalr| G 3A,
exenpl ary uﬂi“éénﬁJI O&HHBHV ﬁBFh;V] tr?éfsf[rﬁmﬂéﬁ QARBL S66 t&ﬁ\faﬂ?a%@&{lﬁah o0l um

11; shutt val ve romat ogr aphy cartri ge In raction
col I ect orpr@aemes OIIIZle flgﬁsﬂutﬂr throughi e sﬂl@te aige; arsinglat leestoenendelestor 1a 3:

fraction %elr\?é:ﬁ'@rahﬁ %ﬁfz@rﬁ#!ﬁ'cﬁflﬁ%{% tc%ﬁéd{@@ a"‘fr\]é»?lséfngfétfré)&[oﬁ% iSRG outl et

114 of sh e val rrst ! conmmuni catiron with
det ect or gitganetin k1 Fragtiors lsaliadier inarasponsal to anghangd i ebipgdsy are2detecior di ng

flurd to gas,e. '*rﬂé“ﬂgg' d?'tﬁé fﬂ"%tg}l trﬁ&ﬁsﬁ He %tY&vé@éma&o&‘né%%%a@@uWe”

further exehplary e ent 1 nventlon _ f
anal yzi nglamirgingle tofthe¢ Ifitﬁtd!uut pa@ @mcmbgelap@bsmml%@aam@rSitr@mt of

providin fonhréﬁiefabe&Jd?{]e Sa K}élv{erollfﬁ‘u?é&lﬂ{é?'@e lé’l-?%t‘féﬂéﬁ‘\gﬂr thé ovi di ng

a second d to carr to at ast one teétofr; using
a shut t | epreaswe Qfdheefw@tv%uf@ﬁhr@unhdb@ sbeittiel alvst rémaing stibsiantisily danstant f | ui d

and transfegiof f&q %Ef uggbgﬁn{.aghaa%%e flh bt & rptéh&td?rﬂeﬁt GRQLi nuous

path of the secon the shuttle val Ve; 'east one
det ect or flay eie of the finsiflEid inpyolee selvgiantially congiant; thﬁml@hdm Bleuﬁ'tle Ngive. hew

sanpl e f r&?%ﬁ&ﬂaﬂe ék@nﬁlb@%mﬁwhﬁn{ g éec,fornﬂcﬁmd)& @gké@% 8§rry the Slﬁc{i@?se to a

Change in a detector res n one exenp a co nuous
flow patganagleohduitifros tf‘rel ghudtle Vﬁ"(ﬁltyh’fhtew@tmfs)l dhedloweofitee pacanddiuied when

the aliqugt, r@ﬂgﬂé%hﬂftlef\}a‘t\}edmbg REEMENLEIRG did Blinblstbhg hita3ngh er

exenplary e continu W pat’hs of both I'rst and the
second f @ dﬂartmﬁbbglmgt sibstantiaty én@@n giestsaightnibiroidhi alettagherpartien &f ithgiot

:Z‘gglng ?rvafhhé“ th LS xEARISRY ehiRRInkdIR, fHe' Stesdilrti A tROdetdRNfiB hodgh Ind Ne
shuttle valve is substantially constant and/or it does not substantially increase. In
another exemplary embodiment, the flow rate of the second fluid may be
substantially constant through the shuttle valve.

[0068] FIGS. 3B-3C depict how a shuttle valve in one exemplary embodiment
operates within a given liquid chromatography system. As shown in FIG. 3B, shuttle
valve 151 comprises chromatography cariridge inlet 111, which provides fluid flow
from a chromatography column (e.g., column 11) to shuitle valve 151; an incoming
sample aliquot volume 116; fraction collector outlet 114, which provides fluid flow
from shuttle valve 151 to a fraction collection (e.g., fraction collection 14); gas or

liquid inlet 115, which provides gas (e.g., air, nitrogen, etc.) or liquid (e.g., an
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[0067] I n anot her exenpl ary enbodi nent according to the present invention, a
met hod of analyzing a sanple of fluid using chronmatography includes the

st eps of woavidi4ngysa first fluid conprising the sanpl e; Pa3iUsg01a/033366 t | e
valve to renmove an aliquot sanple of fluid fromthe first fluid w thout
substantially affecting flow properties of the first fluid through the
shuttle valve; using at |east one detector to observe the aliquot sanple of
fluid; and coIIectlng a new sanple fraction of the first streamln a
fraction col in response t.o han |. east ane .det e

F caponse. st spudth PR, OB O L e B SR PR BERYSR

sugst ant i a1|7|r quamnteabr odhlst 113, mm:ri;]prrosheé Iﬂuldldflqwﬁﬂa;rroshmh@wambfmlh mga |
subst anti near, or. s [ t hr at least a portion of the valve.
In a furt‘ﬁ%?gtektﬁﬁ) Q?tﬁc@ﬁ%éﬁ S?’r@h !glé@lg)ressure of the first fluid through
the shuttjoesypl ve MemRidAoweIRb@I iRl vARNSSRRbmPARbOEIdGaigeRnage
substanti al | éTI ncrease. I n another exenpl ary enbodinent, the flow. rate of

the firstiorinlet d1idg fstian selage %HﬂleW%’n'é‘P%rﬁt”gtWTéﬁl@@“ﬂ% oiee 136Vl ve. In

an al ter ”ﬁ}iebl\&ﬁtrﬁé%ﬁ@éuﬁé Vol@ﬁ%qg'fﬂﬁﬂtefer?eost%or%?émfds‘%ﬁn;blé apgudti1asdsh@mearry
the aliquot sa lurd fromthe shuttle valve to the detector(s). The

1 ow of |t toebaied A HIGUGR)-t HE AREBIac T PouRayahe $5hrartara | y
| X
ani nar gﬁd‘%&g ﬁg?f'% ﬁx d In\ibﬁl\prgf'%él}gﬁéoﬁa'@(ﬂ%|unp§'lf@ 24! BSigBi IS%HEF\r(ey i near

or strai east a e val ve I’l an ex
enmbodi nenaliquoheolpmesELit as @homrhen $éGoREa. f®u¢ejsamplm@lquohé1&l’rautramﬁewad ve is

b 14 '
anot hor S Ga03 SRk AElBE varbmERT3, et SR FkinGhiok eF TR oLl
substanti @thmng(saﬂlpdmahqum oagme hb? shospdris semiple alifj@@63BRoGRte & B8 depi ct

how a shu tIe v e.exe enbodi ment operates within a given
l'iquid ch &n?%%nghvaé@g cé%ou wn in FIG 3B, shuttle valve 151

]E:orrprl ses[oohojonat oGhaleyvahar 61 dgey ibel p:bgﬂahimc)ed\ho G‘bmlow@?a dmpfel glicgiof | ow
roma chyonmat ograp um 11) to e v 151; an

| oom o, Eamrare Ao U e 2SisimdiR At Pearsbbyith ol st o BtGaut dun,
provi des ddsited shhipwhd fregusieyt eny@kymplaﬁﬂembo@imfehmﬁe SampIRlg festiuensy ( e 9

fraction coll ec n or liquid |ch rOV|

Lot T SRt 1ot el epi 1§ Soband® G abfediy 1RREWIE R RvaT R, {Fop

of shutt I@cmbe/a)rlaﬁleas@ut@@nmg afiqugl el B@u@énd@bﬂﬁﬁleéétﬁ samgledgicet or
shuttl e ve 151 to a detector

outlet 113, ovi ow fr

(v g debeet Broeqas, By Ramoie aluebfvery G3TRGREtF il oAb hSaTRISUEHOE L L | e
val ve 151e\fe|p5om1cd¢b@.ﬁr@g)pgr?phyl cartri dgle to |12I et 111 Itodf racthl on coll fect or
out| et ncom a i quot vo ed with.a specific
Col e SHIOPTIN S T LR S TPAE ol exeoling st Fiye of Hedreesb BB he
shaded arg hdw ktldgera3&d withih 2gides liqed chrdmatoglhphy bgsterdl e skhrtinanef er s

sanpl e aljquot, 118 within _incomn e all uot vol ume 116 |nto qut goi ng
sanpl e al 1&fofhuiEe uyalve 1151 a§°§W(5'ﬁgS H&T@Og gehyoredriageniniet il qustichiis i s

transf er rgdvibed Buia4icdoirerd é&%h@lt(ﬁdrbw&olwﬁh l(ér@ blumi92$) @ sHutt@Eghd | oW ng
frominlet 115 through outgoing rTEIe al i quot Vol ume 117 transports sanple

al i quot 1Hd; chageglebk o?Of?Lf@Pt"('@ "@Ie'f hthIQStt?T V14 aeinsemyiy samplet alipugt
[ 0070] Shtvoﬁdrﬁewme)% dgnf;%eri% dE RaRR BEAEHMd: qracﬁmsmmﬁmbﬁﬂ 'vgua{ (e.g.

sanpl e al I quot _ roma sa P trandport to at |east oné detector at
a desi r edprovides ifinig f|©‘ﬁfqi!i@ﬁc§fhutﬂ¢l vahie éﬁbﬁpmrf;ac@mmﬁm@n (etthe fraghgpl i ng

frequency, a &@p&)- I 1 n 1
sanpl e aﬁd&iécgfb h {ﬁfgé%arse 0 ?eta10r5q g’?‘ ﬁh?g8¥'xislga%‘g%§ gﬁl g %véé(?;gé
seconds, liguidafe.geamst atbolataébrpilow wmuglotshet\ﬁer\;al@ ﬂétpnd’@pmgr sdmslanmilcmo’al i quot
every 0.5 SECO (o] a st, 1 s e aI| v.e
Coo741 i g AR igcfirie 1785 budndrpoS@inePiRd afite s % by BLEndne
i nvent i ordetector outlet 113, which provides fluid flow from shuttle valve 151 to a detector

(e.g., detector 131, such as a ELSD).

[0072] As fluid flows through shuttle valve 151 from chromatography carridge

to inlet 111 to fraction collector outlet 114 via channel 117, incoming sample aliquot
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and how it operates within a given |iquid chromatography system As shown
in FIG 10A, shuttle valve 151 conprises chromatography cartridge inlet

111, whi cwoponovidos fluid fl ow from a chromat ography colPGRUSe&.193536€ 01 umm
11) to shuttle valve 151; channel 117 connecting inlet 111 to outlet 114,
an incom ng sanple aliquot volune 118 in dinple 116 of dynam c body 119;
fraction collector outlet 114, which provides fluid flow fromshuttle val ve
151 to a fraction collection (e.g., fraction collection 14); gas or |iquid
inlet 115, %bGﬁ 80k A8 S 183Silfekr With a 3p&cificWdIlPE R fluBlrEretreio bRt ds (€. 9.
an alcoholg | ow t hrough shuttle val ve  151; outgoing sanple aliquot volunme
118 in di m@!elau_lyomhgr@omnz@s dlog sbadechgraaninet1GL 180A) o Ay |desirad Imeand

et cotor T batie Tat KahShe Sl Riaud e s AT T T HRE 1y Qg

shuttl e vil% éo thanmhel otR0 hy aotatiog rtapymplar 116 dydynamicnbaty 119 vieodimpaet i on
col | ector | e Vi h i.Acom L nme 118
in dinpl CrcAlloriatd 1 Shde BHSE aé%ﬁ*ﬁé%%%ﬁ%fe%?g%tﬁi Rlahi X0, 485 57 e
as sanpl elicalid dowinglfidn (islbotvhs dwotgte chdvadkd d 2artemsports-&inpEO#fiquoi 18 telesi r ed
time, shuttle valye 151 tr er.s | e i t 118 within dinple 116

t aken froﬂ?t(e,ﬁtghag?{ BG83 néf %@yoﬁﬁtgﬁi ng%f'ﬂ@eaiaﬁﬁrgagﬂé’f ?rﬁe dynani ¢
body f119 Midmt_leimpé ﬁ)f Itiod l@tdlsegt méﬂmiolﬂrbilatémgf{gtrﬁﬂmbm @i}eis@bl(lif tlftfé&h%ﬁr%els ] ]
transferr I nt C nn as or I Jul 0 n romin 1 1 roug
Chanmel - 1BeidRe SBRPe oy to AR5 paci ety dy betoroaeoReny YIem. oL o
vi a de% epm@rfi?w&hﬁu9ﬁb?anﬁ?9t1hera:?fwgopiggﬁnﬂﬁgddse ?fhi;shitslaﬁmlpi:%sm{ tﬁg‘: he ]
presen I nventign rel a S e ul di cs esi gn. o e chnannel s tnroug
Phe vn velbesta s anclsal 1 aichisd Paial P 2L Siel At neitra Rt M ABHUOR ve L om
the flow jhar@uamicnanpals idid, ardic@rbGgle @RbLITBURLE 151i$ chirdead s | shed

by locating channels 117 and 120 in_static body 122 such that no matter
what posi %hc_tWF iPHdGel AR s l§B_@‘9’n i §1Gi.sTQA, at{apst ﬁIRSWC_tnrﬁde@ﬁa%‘ﬁlﬁ $ireayal ve
151 is COMMAARPYS7( A% HaMor Brdr® cHEPRY 128 SBPVBL islib&hiallyOfandt of €ast a
portion of the sanple stream channel 117 and detector stream channel 120
may be su@&uaﬁ@ﬁea?lﬂﬂywblcérfﬁﬂueﬁs Eﬁfﬁld@fiﬁee@%flirﬁle,f MANMYFES @GRS 10€PBRR ence
and fur t nfiko BhhE1ARS, RhSR81HoR, AN1EE&AS BoliBh Ag WiRkAEm dfaridfli 7 on. at
| east a portiron of the sanple stream channel and detector stream
channel 120 detgcloe syadstchanneall 120 pay dlel substantidihhparellaite dinmele idnviheuous
wthit, Iy r F il el Vi L Eessure
' the valnotgs SR whic el stk @iBhict S¥ERD AR prRate eterrBTE
pressur e thetvaive. t hieisvatlvdesothoge centigiaatids bt domodfrareaseypressuraovithin han 30

i, ot ' | t
Dore hachBENE b in BB/ ER A Bl qoRlhaR b RBPBRIAEBD b !
t he dynaninerebibdn 2018siadrd ¢ven mofd pieteraloynmoh Mg tham 18.t% 8 Kebfack £, t he
d ic b t i Lt h t ‘ : th
dynan ¢ oy PY5 ; RfndEHE e Bed e TRkl BBLY 167 e BT, ("¢
conmmuni catdmmunication with danfdce ofttheaynamhinvmely thais combigudusnwitipthedstatic a

et oot or iR Bl MGt ot o0 Ao OB e Ao e | o°

depi ct ed wi¥ ba ic duidacenrsentatEphethethe sadpld stneam bearorel 41y, sidaehen moeed

exenpl ary, enbodi nent ... the dj. e e extrenely smal.l in siz .g., less
Ehan’ 20000 oecogiarshigh el TBle LB iy, FbishRruR e o i dasbfio s

t han aboudtreb@ channehr@0eVvEne @imsle prief @aabeyol &9 shdnbabigudeplcied as Hut My
include any size from1 nL to 2000 nL), which allows for rapid s ling. In
addi ti on, “EFAY% SEh r%l%‘“@'??@y%q ?fm%r‘yf%?e-a N2} GXRRIREY &n “?-E‘E‘Pﬁﬂ i on

pat h 121, gimbiechagibgrddrenmint $nial RAsiZE fo. Y& RissaRart B0 HILf srersalsl [dsBehgly nani ¢
body 119 gnd tatic bo 22 and re ult? {n a shuttle valve 1 havi ng
oxt anded Aty B L Feor areietaiifest dhahaBovs Tod ki 3% Sven grore Aiferatian 10
m'hl It It fm qy|§é mnaabaoum&ts_i, ghﬁml@grmgmiimwsi@?)mﬁvm ttb!mughwrll_%tvfl?lbiﬁwcl)wmt ion
shu e valve |s depicte N, A-C | inear i.on shu e val ves, or
Thei 1 eqUpUiAnkhsamlig: v addbiony sl direetl 196 Sl ONnEhe VaH, SNeTuSaR Rt ¢ | o
val ve 151ofmiyn Rl 29! RARE Gidgrificaf P Y&iudeS MRk @nahk GufhcdLolthe BARRIE
aliquot 118) froma sanple for transport to at | east one detector at a
desired sanpling frequency. In one exgwplary enbodi nent, the sanpling
frequency is at least 1 sanple aliquot every 10 seconds (or at least 1
sanpl e aliquot every 5 seconds, or at least 1 sanple aliquot every 3
seconds, or at least 1 sanple aliquot every 2 seconds, or 1 sanple aliquot
every 0.5 seconds, or at |east 1 sanple aliquot every 0.1 seconds). This
shuttle valve is further described in copending U S. provisional patent
application No. 61/200,814, the entire subject matter of which is
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Al'l the above suggests the carrier fluid should be custom zed each tine the
separation solvents change. This is tine consum ng and inpractical.

Accor di ngwocoami4edsenpl ary enbodi nent of the present i nveoriusn)1103336€
solvents that are mscible with organic solvents and water, volatile, and
non- chr omaphoric, averts this problem For exanple, a volatile,

non- chr omaphori ¢ nmedi um polarity solvent, such as isopropyl alcohol (IPA),
may be used as the carrier fluid. IPAis mscible with alnost all sol vents,
is non- chmeﬁuyaptmartccth@tsmmm 12¢ glef et a/\emtleemtrétsm ARving exeAged Y
evapor at ed at ﬁ% ﬁ)éngeratures ln addition, |PA gdv a broad range of
cheni cal sS¢{Hged rpaigienaace jspequired (g g- at“Q{‘ﬁt B ‘Pﬂ EYCIBS &% for
virtual | yp@tdsibleemaire stewnﬁ) (Edwrth@aﬁf;tli a&btdry wididnnaittiengd R dasétensn

met hanol , pro byt ano i sohut anal tetr%h ydrof uran, and the

like.In ah |1P@1’¢|a1tfte@é @'Frﬁt"é‘i“ valYBSANTReIf cauvalerd. may beemRlpYadiBdhes t he
carrier fﬂ_,,@gglnt iPAMBbs. precipitation is not encountered because the sanple

remains in the separatijion solvent, or nobile phase, through the shuttle
val ve and08¢Blsequeshuijie; Yﬁf‘YﬁJdﬁ"trﬁéyd’é’tlér@QtﬂmmEij I@@vtﬁg@"et%éa@H%ﬁ'éﬁq%n

sol vent, @rg NBRhbie 4NQE8E118)SHM antasﬁae%ma@bemeraﬁéast%% o%%edtbxs&ﬂ Pility

is not an i'ssue. Because the carrier is a gas, vol at 1| ty 1's no onger an

i ssue. | nd%GﬂtSﬁmﬁﬂm@rﬁ@ﬂUWsé% OBe @X%ﬁlﬁ{:\h@@hﬁ%ﬁ@ﬂt éh%tﬁ%mﬁldﬂ@d&qlwﬂéyw th U/
det ect i ong Ae4Lt YSdpRpIB BFqaSt dVRy §8'SkLEhds %ﬁﬂ%t RARPY %aﬁtd:élﬂmin 3* ' ssued
fromthe va ve 151 to the detector 131 as discrete slu between

gas pocketesonds qiatdersirl samme @liquyieverss sgeeds, g5 at t@@%brsamte al!qytoa has

ot her adV&f&dﬁg%coer?J oEX3BRpRe alMiBP e HS§ D 564 ddnA8, GVARURY iskfnpld Slthtuot
scattering detector or other detection technique where the sanple

nebul i zecevarhd - hsecargs)be TiedhuBle: vaiue pofurthaiedessriped l@rﬁt@pﬂeﬁbn@ﬂi& t he
sanpl e, eﬁl‘o{)"sl'&ﬁéi' ﬁ‘e&eﬁt‘%ﬂﬁ&ﬁbﬁ Rb. 81260312l Gl sZ8EcORLSLEPhNich &

addi ti on, because oes not require evaporation, anbient drift tube

t enper at Uﬂ%@pﬁ@}e%@ef%\e‘l}’ ©fe'A¢fat i ng the need for drift tube heaters. A
broader rjapgg of 5mhéﬁtemeﬁﬁ)lét?t@rﬁﬁ@(ﬂm@ﬁﬁatk’rﬁ\?e%anoéﬁrléﬂ‘ﬁ&dv“ﬂ#ﬂhﬁhlﬁdaporat e

at higher tenperatures will now s he sol Iquid state as t hey
pass t hr o(Raile hquids rpe valious Qaﬁeﬁamaé/tl%ﬁ eiilizge 4 &e pR9MBEOURRIY WYstamio carri er

gas 1 ncl uciiyth Sfplelth ' @iEttor. RS ks Wﬁl@%ﬂtt@&rﬁé}*fnﬁﬁ"frgtﬂi}@@%%p

Supercritic used, such as supercritical car

Sl bl e Topntes thersulavatioIPE AoNEbATHEIAE ke U BTG alSam 1D

2011/ 140 FUSED e i on may
further g@ﬁgﬁse usﬁnyAg%t%qggi?%%a%%taer&{ﬂ%ﬁf% d %tggttopgﬁg gbe%@% anpl e
conponentadiqubt Rheuld ﬁdtutrdCIQttateatm thgutarsbt duideoe theorsive oor theeassomarm li quid
chromat o

i tod TG TiE) eEbrfe bbbEGRE R ket #l R tld\Galt i nd on Bofh 404

det ect or ssamebudik of the: samplervdll nbt raachdhe dletastor- oﬁﬁnwiammpesdenemlasts (i.e.,
det ect or t; r Vi e I ) such
e v, ek Phis GERZTE SO aThG YalgesrbBifintorttiohiidh SEirEoLhaY

pol ori netmc;lud:agcmrgetic imadeculgrd /onganie srolagutesy polyeets; peptdgs, peotelndeamtt ors

t hat consdy ro r e Vi tive
parti cl esdfihgtE QQ{I%Q@%% go%ﬁnf Wg\ﬁggéjorslgp I \I}% P%Lt 9§%1atwt'{ g':ﬁ i %ﬁd 336%9&%@ S
(ELSD), aﬁa@eas&tqompqwudt‘ ea@&teﬁOt pgrhttpaﬁmtswtaéao n@t&'ﬂetrecthertqumwzer etc.,
corona dl e r | e. For
exanpl e e hAEmaTtRLRRC R i, 16 O\ derfioh) Bl 'BllenCRibudBe ol 12"
det ect or ,cheemaplayic aiike det@pmrawav@emmtghtF%eaamcuatwg)aﬁmledtetactionfm at

I I
| Tant scapbies QEhSOT A SRy Upsd spePa Rt fo e SONERE Sl e 28 2, o1
at | east evaporaddd alca terepératiss willthedave the RIr)le’saneltirgpoinbny ddditone dfoence
det ect or c,(a'r:@r f\u?c} st'tcﬁﬁ@toe‘}gg %@ \Wtjl ttﬂa%ﬁﬁﬁigrﬂo g@ betaiteehe(‘ 't:a[gé":ﬁtllet 111

ecC rec

el ectrochem cal ™ det nperomet ri ¢ or co
det ect or sAnd the faanfioo arobiectat nuﬂtett‘nbt eﬁbr ekampieg ifehaxape as yisedtiodneditw  t he

i o ol 190 R R oI P RS e ARl Tt el i SR Mgl he

nobi | e phase. In a further exenplary enbodlnent a non-destructive detector
may be conbined with a destructive detlgctor, mhich enabl es detection of

vari ous conpound specific- properties of the sanple, such as, for exanple,
the chem cal entity, chem cal structure, nolecular weight, etc., associated
wi th each chromat ographi ¢ peak. Wien conbi ned with nass spectroneter
detection, the fraction's chem cal structure and/or nol ecul ar wei ght nay be
determned at the tine of detection, streamining identification of the
de5|red fractlon In current systens the fractlon S chenlcal identity and

o, N T N o o, - o o,



or nore detector responses that may be used to generate and send a signal
to one or nore conponents (e.g., a fraction collector, another detector, a
splitter worgpi/iaoxhuttl e valve, or a tee) within a |iquipdTalscammsszge aphy
system as described herein. Typically, a change in a given detector
response triggers the generation and sending of a signal. In the present

i nvention, a change in a given detector response that mght trigger the
generation and sending of a signal to one or nore conponents includes, but

is not |ipiited &H6bved SGHGEE thd carl@t GIHOShILAS AN TAsHAHiLR chERGMETNET
exceeding a threshol d detector rgﬁgqnse val ue, a silng(ge of the detector

response YeRARIYYERIVeNtsghangs. n T ig g HegongUMtg eInupeicabr APHIBALR val ue

over ti megn axehpREEemBodinfdrdBetHf prebentdRicdtibR! udifs PORGRs It Wee AVibiEi Me, a
t hreshol d cha?g%e in a sl O’F‘g of tht?%tg_ et ect or res#}onse val ue over tine, or

any combi WAR PERMGRAESHS angyaer vp N IR Ry 2BRYTIe AKRIER 16iS RrARleM: qui d

chr omat ograplekafmptd, €M 9dlatilBe rdhesHRehapibRN M iurs OpBIalgeSoldbntl egh H¥O

detectors. as shown in FlIG chr omat ograﬁ)hy. system 40
1

4. Exenplary liquid, 3
shown in BPRIOPY! AeRhe! (164 Ry ng@@a C%'g%ﬂh'id« PA jsaiseleniih anast r st
inlet 21, af isbRen@Utid @lonAra@ngplificoad comilont ULBdetbbasi wWanelefbthschAg id4 in
fluid communi cation with first outlet 22 of tee 12; first detector 13 in
fluid confRflY SYAPYRISH fhowdeBmgraiuiesetin 28dgien EA 4issolvey a 0fead 1anep ois

actively geumhicak!dnaocHdmital didsest QF’f—\iié $ﬁqsd§tsﬁﬁétﬂé _c&?riefrfﬂgm @?Qﬁmﬂll@ﬂﬂ' et 23
of tee 12; and second detector, 16 in fluid comuni cation with second outl et

23 of teeSADPIEl BPFR] WhERNGWGABIET (HINGS FeVe aF@iopee Sitpanal.ngthengli d

chr omat ogpphNols YRkHTDI,PIsOBLEASI, Metreh@RehiE], SaPith@Niket O IANarPRMeAT@Ve FOr
exanple, 1 n exenplary |i ﬂw d chromat ol% 3&% system 40 shown in FIG 4, a

met hod of EXRRIgw; REIPRM 1 & Y8y Eép Stasp i el figdonSaaPi#or e

si gnal s fpeeipfihtici i @be&hesurtdredebdoausdnhbLSPhplan@hiins af and sdpaRaber 16
(e.g., an ogptical absorbance detector such as an et ect or o fraction

. UV det
col I ect or SAVENinGk FMeEtle RGape.RIGUSH B8 Setiteoralye ang Ubspeantly t%\"é\%@é’ﬂ&)l e

fraction. gdtBgtoPNeLiREwiBB! theSisBp@ation Iselieht, ' &t midelle GHake 1 deddtdmplesshfipNd
detector 16 nal%l/ﬁs)?\(ér;l?rlse single signal fromfjrst detector 13 or second

det ect or a®the B USRI i ROtaNJRSYE: BeCaRe 1Be1esTIel 15 8 58S ORI Ret ect or

16, or a gOMREH AR isSLBNah atiEEbh,f hbsitgadeseaicOfionl shridRfphes@asl denhpstiths 16. In
exenplary |iquid chromat %gr aphy system 40 shown in FIG, 4, the pethod of
[

anal yzi ngVih Y¥ndgtectiany WHED HSHOQasmS ke carrelhestanyde afiiptd18iigss1ed r om

second def&ftiRE vifel 1SR ihbl ®iediP3las id'ib%?étlé‘?sﬁ%dégsa%@lhﬁiéhfe@rbe@w@% gasto
initiate or stop fluid flowto first detector 13 in response to sécond

det ect or R®kais 383 iaryshowanpl G offfonedeing roag 8% dhel carieratlyid [leg7othen ot her
exenpl ar y, SERRHeEE ot exhRpid, WiHEndu S MW%HQJV@BBM@/ ﬁbﬁ@c@ﬁeﬁﬁbefi&é%ﬁm
invention conprises at |east two detectors and at [east two splitter punps
as shown ?rPtFprGietectiondesipliais wheiguhe sempisiatnelrigssly theygasempgbediseito i n
transport the sample and nebulize the sample, eliminating the need for a separate
nebulizer gas supply. In addition, because gas does not require evaporation,
ambient drift fube temperatures may be used eliminating the need for drift tube
heaters. A broader range of samples may be detected because those that would
evaporate at higher temperatures will now stay in the solid or liquid state as they
pass through the drift tube. A variety of gasses may be used as the carrier gas
including air, nitrogen, helium, hydrogen and carbon dioxide. Supercritical fluids may
also be used, such as supercritical carbon dioxide.

B. Detection of a Sample Component Within a Fluid Stream
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FIG 5 conprises chromatography colum 11; first tee 12 having first inlet
21, first outlet 22 and second outlet 23; first detector 13 in fluid
comuni cawpanimi4bdrssecond outl et 23 of first tee 12; fi PET/tspdiitiossee punp 15
actively controlling fluid flowto first detector 13 from second outlet 23
of first tee 12; second tee 18 having first inlet 31, first outlet 32 and
second outl et 33; second detector 16 in fluid communication with second
outl et 33 of second tee 18; second splitter punp 17 actively controlling

fluid flo seco Qr I 0 18;
and fract g]col I eg{tme%gfﬁl% Off I]HS(TJ %%c%hn?rﬁﬁlg@g?r?wﬁy\%hpﬁés&%ﬁ ouglg%?SZ of
second t e@asisone{ deigofoado de’@@ugs@ar M6ampIeecommnecn:ts:WHlmm tigd sprgmsyst ens
of the pr [ onmr pl ace
or one or SaHe Bty TRE IR I WAferiiolRhRy ke of B Blesdht [ §
flowto amverea‘mtmdu@e dmte& oot imteéﬂe,nmn-deswctwe mdds. destrpctivisdaiecions. i n FI G

6, exenpl §&|¥% (%%:é'te%t&rp ﬂ&‘i@@%gﬁa\e&% ﬁé’tsﬁrﬁfﬂécfo T Hé&ﬁj% n?é‘ g@%&cﬁ? @eny

colum 11; I'ng chro y car 111,
fracti on defetlest At damobconsLae ge@eabnoyltheqaamIpIaﬂitﬁtngldmetaznd) glegheas OV, out | et

outl et 11 PRV fflordsbehtl ot} SetRARNIERHAY, Boboimal P ettt °21 51
wi th det eandfer dastrmevax@teﬁtorshbenIdnet&etIJI\sethassomum drigspby thé Zapmbei di ng
fLuid to @it lietebfitth ol &1 olddorflive BilibleCad@Livs 1880), 308, SRERGHngE! oct or

161 in flui corrrrunl ron Wt va ve 151.
[ 0081] As h‘gﬁtbmattmmllcmteaprSe(Eéﬁﬂ aeqndensation ruivientian dightagriajtedys detectts
conpri ses SR I V. a

chr omat og@\hhy (:taGr adl )eﬁafdr?]%éﬁ e1]'1-'61%% %c Clt%ﬁjrgggl (Iii’[eo\(ﬁméraEaSEIJ&I11 F ﬁﬁ% gas or
li qui d i niiket Ew&:@nwldethe@marmﬁt plethe prasert iimventiors eyt ineluds at least due d

communi ¢ Vod”étéf(I‘%t(t)p ggféa%?Bﬂé e%f[f) rﬁﬁvelﬂgihr’%%fg?ﬁ%w %eé’tﬁ I’%SJE% eaHilg Supply

152 prOV| I'ng as or Tiqud second
shuttl e vabkee spmtrcmaeIeng(MSIr @rdeagjr amwmaemsatlagenwmﬂmmnllmnt $oattetingn

second detadisFGREED) el leithdng Nithale oGl SRR ot Iybale o
shutt| e viafigx detettorf (RIPY a;dpmtyowﬂuwe@@ﬂmen@e’tecﬂun (FR)o aydeasbronei chitatl i nl et
w th fr actoroLIPPh ot Ehst BRE ARG BERDIERE G0y AbBebRIR Bhes. "
exenpl ar yccwm@rlq@ﬁte@torﬁ)a@elaw cembingltian yheredfui ld arter exempiayy @pyodipentens 50
a0 vty A I ANELHEHED ches R b S PS8
which allows the use of chromaphoric and non-chromaphoric soIvents as the mobile
phase. In a further exemplary embodiment, a non-destructive detector may be
combined with a destructive detector, which enables detection of various compound
specific properties of the sample, such as, for example, the chemical entity,
chemical structure, molecuiar weight, etc., associated with each chromatographic
peak. When combined with mass spectrometer detection, the fraction's chemical
structure and/or molecular weight may be determined at the time of detection,
streamlining identification of the desired fraction. In current systems the fraction's
chemical identity and structure must be determined by cumbersome past-separation
techniques.
[0076] Regardless of the type of detector used, a given detector provides one
or more detector responses that may be used to generate and send a signal to one
or more components (e.g., a fraction collector, another detector, a splitter pump, a
shuttle valve, or a tee) within a liquid chromatography system as described herein.
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detector 161) via second splitter punp 17 (or second shuttle valve 171), as
wel|l as actively controlling fluid flowto first detector 13 (or first

det ect or WBODpP1wvi48346i rst splitter punp 15(or first shutt PeTiskaa/ 03B .

Al t hough not shown in FIG 5, it should be understood that first spiffier
punp 15 and/or second splitter punp 17 nmay be positioned within exenplary

| i qui d chromat ography system 50 so as to push or pull fluid through first
detector 13 and second detector 16 respectively. [0083]1n sone exenpl ary
enbodi MeNn{gyicANea Bhafl B LAV Bbiedlds MPBRES 1BERGME GBner3HEN aAT s8REing! MOT e
UV det ect of%?#ha Baeﬁ%siefo@o .ogégr_ve tect cg_ re_spor?%gg andaﬁﬁgng@ggi n

det ect or 9feg s lathepeesent myeeslicuaerkaigiehis agives Hateronissopnsmthat
spectrum : 3 ; edﬁao H’éﬁﬂ:} I | may be
used in cr(')nﬁgg%ttrtlé or{ é\f(_:{‘?ﬁleﬁar&nlﬁ?l p egjésensprégsaﬁ%@#?&?ﬂg#@%?@?%@%r

mul tipl e @eluges.dry is dotiéméed to.i glehangss br ddieteci@yyregpenagpyaluartreaening or e

wavel engt fgochf &%ﬁ@gﬁcﬂﬁ RSt refggér‘?seUVaIQS,t S DS of @&e&ﬁ?%%n%se”e
detector responSes and changes in detector responses at one or nore

wavel engt Yauaaves dmene éreshald 1elongo 9b it sleteciqieesponge yalog4ven tioir a

exenpl ary i i p of

usi ng an %H@fggg.lﬁ’ agﬂ%ﬁgﬂgﬁéﬁ %ﬂ?g@r@&%ﬂﬁaﬁﬁﬁaggﬁﬁ‘?@?ﬁ E‘Q ?rpﬁigsi ng n
sensors tgopdekihedleiecierrpsronge valuspaer tilng, apdivl campinaticadhessf.t he entire WV
absor bancgpspect r um sGRE e<8MbES ERBoa q@éwp(% LG j ‘%1;&9 eto
(i) a cha 8eﬁfn any gne c??et he%bdg?gﬁ\r{%’r esp lﬁ%gsﬁatﬁﬁgb}?}_’épem f%?c uw
wavel engtthe, pase(i iinveatiem agajeprises adic @asd svoe detesiponsas sbpwasientdd. Yy the n
det ect or ol a t hp! ect \ nt, may
be. posi 1 SRPRY e rRoR MR NS (46; Sncf) CHLANE, ¥ EnBHEEE T T
a fracti othrometogcaphy eolahhori tanes Arhayingt et mdeiIndirat opiley22 aadateltend UV

det ector) 5 i 1J zi ol e-spectr WV, (,or, other,..spect r.um range)
anal ysi s,Olft%gggphg\&fo&ny%ﬁf%é‘qungego'i%ﬁ}ug'Cgﬁ(?/?] a"é"QifF%*dO lﬁ%ﬁ%@réﬁ?e r@hges of
i Et erest firet getectored jn ﬁﬂdmmang@aftimmitﬂ%cohdmﬁﬂet@%fm% 12;@;0%@16@@% i cant
change over ti in.eac trum.ran nmoni t ore S en. drop in
Focelved 15 ghtveBremyTha AT fiow it Alfachit iameeatd S 3018020 | var i ve
of t Bet deérﬁ:i:éeﬁrotnd@%mbet)sl WﬂE{mi qbnﬁ%?ﬁhi&&[bnr\ﬁiﬂg%dfﬁfm du?ﬁH P 21T hfe. ar [ i val t of
a substa at absorbs i in the given wavel ength rapge of interest.
"0 thi s APBRHI ary” SHRIMAAL Mork delF R e REeHs KiguaLich AP REVIoREPthn | e
t 0 i ncr eagetddi @edvidedinord hedlnas ioptdns tdéiﬁo?bé@!td'r. Oﬁormﬁpié,aﬁ@@eﬁ,ﬂi@l&rﬂoe made
| arger so, as,to reduce the burggn of c,aleﬁ(ié 3t| on , fewer cal cyl ations
n

per seconfivid SUSMAQEEERNY: BGIRT 8)shongos o@ﬁ‘é‘?’tﬁ‘léqgfrﬁrl’ad}‘%}”%ﬁﬁ@m nts, a

pl uralitymaf clinbfigs andteg ¥Pesndilg 6% BF FdkS sifAY IR FHiRd db@c&ba@_r@.@an/ar ety
of detector_responses and changes in the detector responses within a given

system | %L%Q)eﬁ?ﬂfarr seqangduiededinr k-89 @apMRficalahsomhange éi%%ﬁoﬁ W_CPIE@ arg, an
evapor ati g dRpidéhenHRIRCiMecFTRinsiAliihg ABchh EYRERF kY SalddiBinew
scattering detector (ELSD) (i.e., first detector 13) Is used alone or in
conbi nat i MR tiractian UVT iretoset @r more signalsetremdfiingt detectyr 1 pndiex eepond y
liquid c : + her i um 11;
tea 12 haono P63 coahsiia Shole Lohal nanThY RgG ISR ORI RisE!

fracti on thl wecioorma; sigpalslBoimnfifst uiedectomiBnandtdeoonthidetedecdhd cowt | et 23

N e

UV det ectOr communication w
t hi s exemirangtogrdpdgisystetn 40 skows én BIG. el apo mathadeofpmaralyiztigen satipletrhayn of fers

several advant ages. Non-chromaphoric il e phase st, be used with UV
Gt oot odoHRER ARiseld S bt SBRENG B TR Tt B OB BRIEHT 1805 SPREeT AU o ¢ he
sanpl e sitB#lstrudtiics spitee Ipuedgs 18sbnipitiarl yesiop Mue Hoastd flsteectdry13 i ne and

ot hers that have ot herw se val uabl e chromat ographic properties. Wth
evapor at i/FEPEREP SPEOTRLARERIPLIE pieeting B SREPI I A RNbRab IR SESBMoper t i es
are i mmatjgoyayl . Asir @Rer aterhfign/ @b EmBRRS the Iﬁiuiﬂ)érﬁo#ﬁtq@radr@ dyaein bhe
sanple, i ms%sbe used, with evaporative particle detection. ‘"This opens the

t
oppor t uni'f§ RBSEHPPBIEICRpAPRATESN3t BRb GYh deiRetorseans ahileant iweesRiter ve
chromaphqyiingpss 8 ¥RAWS iMFIG.S IRBINbRIPNIGHE chidhaeyRbhy dystdet S8 ERGWn WM | | not
det ect non-chromaphori c sanpl e conponents. Fractions coll ected based on W
detection only may contain one or nore-qunidentifiable non-chromaphoric
conponent s, which conmprom ses fraction purity. Conversely, non-chronmaphoric
sanpl es may be conpletely mssed by UV detection and either sent directly
to waste or collected in fractions assuned to be sanpl e-free (bl ank
fractions). The net result is lost productivity, contam nated fractions, or
| oss of val uabl e sanpl e conponents. Wen an EPD (e.g., ELSD) is utilized
alone or with UV detection in the flash system chromaphoric and

o . o o .. . T



are truly blank. This is a time-consum ng post-separation procedure that

sl ows down wor kfl ow. Those fractions discovered to contain nore than one
conponentwwi2bi/f4pquent | y require a second chronat ogr apRgTAISe@ 100853p6 oper | y
segregate the conponents. [0087]In exenplary |iquid chromatography system
80, signals 31 and 61 fromdetector (e.g., ELSD) 13 and UV detector 16
respectively may be sent to fraction collector 14 to initiate sone activity
fromfraction collector 14 such as, for exanple, collection of a new sanple

fraction. | t4S r re
det ect or E.G;nﬁﬁéhéﬁﬁgﬁﬂﬁéﬁﬁfﬂaﬁ?@ﬁ;*& fst R FRA0RE ik BRE 2 ALY 16,
or (iii) Odteh22 50 svoaddutist Abtlsgtastectd, 13 indodid @nmmnlt@@o@nmtmzse@@mqi ects a

oot omBouldi 2 biofst (OPE] fsTTbpiter bnfPERCBaly cbitbifng MATRWR AR

system 80 n exe own I n
signal s 3déieemd13:m)nf senunELcBﬁ)etha ohfict teé tﬂatsecorm‘ teb6l8 hadpetitsi indt\Blmay be

sent to fract oII ctor .14 injti ctivig mfractlon

col | ect orﬁrfﬁ t%(t, ﬁ% §eoclong)9élﬂ%f%§:, S@SP%‘%@?@%&&? "éﬂH[ Oémv'gtforna\&tl on.

gﬁl r eg gyaijmpumuyeiesﬂ)oﬁgmﬁsltee i18; smd;wﬁttérqzmﬁguiracﬂwlpcdatcﬁla'tgdtm%_ %Ballg .
an rom 11 tector

ond v ol i Bl opeRy et feort cuTat 8 sectnd e 1BL ahet@cloker i on

[0089] Asclicston$a asiiabeummudibaieh oahecd 6Qlet@2’dﬂ€é@cﬁfd1éell@1) nmay conprise

n sensors eratively, adapted to gbserve a sanple at n ntL' c wavel engt hs

erene L ToBBET o b RS SRR e T s A S BV BIAS SN LR s o

liquid chiposmicadragh¥orhisde Hn80os Meuie $H11ttFé @alvBs |hnplé@épc§>fn§ﬁetd? friore @
single mgpg {::f romeit heb one of ELSD 1 two or

more si gnRPSPIIYRURR ROBPEBIIQAS %BCtU@'Vd&”é@ hjvdq@w 'E?ra"( 'P??t)fm& Q‘%}ﬁ%él te

si gnal cogek&mpBieti W FRESTBI7e ALERGH®IN F@l@@&@ﬁ]pfdry ﬁqutd 'éﬁrdn‘iht@gr@lﬁhy%t or
responses) at the two or more specific W wavel

speci fi c ¥9taiavEP ePRjOPISES CREXRItBEraply | dvmr 1% @%Mt'@ct‘-@]"ﬁ ﬂﬂv B%Wﬁﬂ e

fracti on. crphfhtcRfdphy éd?tri%%j@rﬁﬁ%bﬁ'm 'f‘réhlt'tbﬁ CONEQBRLOE: ARAY gay %Trﬁﬁaht@%%ho"\“ in
FIG 6, in rergil)onseto a single signal fromeither One of 131 or

WV det ect B¥5 amsi deteptoy outjes 1d8; Wt@ﬂsqoéjﬂ%t%“l rrbfml%éerﬁrrmmthmwtarﬁ@cw
det ect or écto%uﬁlét' ’1’?4 %f gﬂu BWaﬁ\% £t G S@Q&BF %Ei‘gn trMRi E5mARhRafG) €ct or

responses tector response or nore specific W
wavel engt\m@ deteetor outﬂﬁtﬂd 3rof sheltefvialye 061 nhuid isepily 182 prévidieg floid teghs ett or 14

col | ect s |ﬁ¥\‘beh°(|e§%‘f§'o?sﬁwﬂ8&hﬁﬁ151\"91%8&% %4&%§éﬁgé1ugﬁgﬂ#é%ﬁ%%®%an Deror 16

[ 0090] Fur urd PO 0gr &
may be uswith ﬂetephooduﬁm1a3dnéshmtlewalsregﬁal (not shovvn) that (1) results (i)

froma si det egt or, respo fyoma ensor _or (ii) from

detector PBHonsea S HPERNLArC: v e ol T EhaBhery sV B ; o
segt to atonh;ﬁ&ss osreombtogpdpHiyt ecolpmrrp 115; ElsBDsgﬁttEandvalee 151 | havoldli t|S on, 4
a detector SI not s| tln m.a ct.ar res in ELSD 1
oy be. scHromgRRRIN, Gt 6pS Toet STE i shaews el U, ehR gt T8ROt oot o
16. Sim | ¢15 ¥nd U@te@mmhé’( 1’13,Ifm$tl dbtebOTHE AONAQ RymPFicIoh Qvitkth@Bcton FI G

6, UV detector ma%?be used to produce_a detector signal énot shown)

that (1) ‘?@'@hﬂﬂ%o { shuitle gaive WIndie sapsct 3 Praviihledite RS £r dinHg ilesensor

or (i) f{eMsHified 1515%%8ﬁ@§h@meR}aﬁeﬁwr@vwgtéhrana@g%hgrc@ﬁh@%ﬁethan 1,
and (2) is sent to at | east one of shuttle valve 151 and ELS

addi t i on,inigt #d1.deachien spiaesdr quilst 13h @rs)or ligdidinlphlRs arshtieteaior edtairi28esponse
o o oe oo A Al il bl R0 BRI | o
syst em 901 ®hdwie $upply 172 providing fluid to gas or liquid mlet 125 of shuttle valve 171

and fraction collector 14 in fluid communication with fraction collector outlet 124 of

shuttle valve 171.

[0082] In these exemplary embodiments, namely, exemplary liquid

chromatography systems 50 and 70, a method of analyzing a sample may further

comprise a step of actively controlling fluid flow to second detector 16 (or second
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FIG 9, the position of different types of detectors within a given system
may be adjusted as desired to provide one or nore system process features.

I n exenplwioyoiigedsd chromat ography system 90, ELSD 13 i ®Cpars2elilosisds
downstream from UV detector 16. In such a configuration, UV detector 16 is
positioned to be able to provide a detector response and generate signal 61
(e.g., a signal that results (i) froma single detector response froma
single sensor or (ii) fromn detector responses of n sensors with n being
greater than ' i si gnal
917 om e apeoh 168 g sPEA gt pERRPLr 8 bt shitns DEEZH] 2o O 42"
det ect or adwplyreoairalidg deidiont © fasisdiejeetbr 13¢or fistodeigctérel ), viafist gmatler t hat

results (i) fr a.singl de ec e a5| e or (ii)
fromn de?%@?oﬁrp re@%t)%g%@eo\favﬁ igﬁSO?@ q%h {llt % Fglétg {gﬁngdl ®for at
:jeast oneu@:ferstbbd tthatr fnrsnramhﬁér thSMﬁSarwmd/ B@@nﬂigﬁmteagaggrcpAlaUt mag:]lee or
eactivate splitte or tee t not
Shown. 1 PesiBned iibiD R ER B SE OB ST D 5 2R b0 pudior Ul ace of
g ge %2 anm@Eilrtémgrerrspuét@ct&ésvahbeefmeaﬂmé@tbm6r@geaw@][yr o?rat ogr allohy syﬁtem
shown jn ovide simlar rocess feature n such a
confi gur aC08%, v Hétségteoﬁx%p Py EB’Z’PPi % ‘E”ge (9é rggreeogt@ab,ags?r@@n%e
det ect or @&eHBRS SuBRN hsIBRE lortkorel YU aletéickorse nﬁhy bé u%bartalotisl@axe dseetot s (1)
froma si ngl e detect or response froma single sensor or%\%# fromn

det ect or TEERYRIESANDENGNIES dh E614S1% VF?PWSSt‘%laﬁQ”Sr‘Ea{F@P W h 8¢0%% act i on

col | ect Orthé%ﬁﬁokwncbosﬁéwuﬂﬁn% ahédN eRémplaBnambddinidngsh dxeShr heore Uighelet ect or
16 is also positioped t ble. . to provi d?ﬁaa det ect qr res;??ase and

gener at e FUWPGTARY PREC H’bmab'(‘%“‘?j’ with MuitipiR,Pensert Withia g19nd'g A§IeEiopAT a

si ngl e demgRipRr détestoAN®edétbEMoht %b@&b@n@@ﬂ?@rs@ﬁpléldt)mﬁlf SEWRVERINGHSOT
responses of nawgensors Wthdﬂégel n r eat er E é%%for at | east one of a
shuttle vEPHRXa B8’ 01 e f”ia\‘l ISEH 19081 VE SPECRECINNERT e val ve
and/ or EL§ dRandesan desti@resysrtigiitattbhe 80 modd haQ8lehgheractessEhelemingl UV as

t he det ect orﬁ@ EX destructive detector, such as EPD, may be utilized for
t he ELSD,UV¥R@S&SaneRmReEt Mict i ve det ect or may be utilized in place of the

UX det teCt[0084][ 0093%r1 Norfd %n@@ﬁph@tthbdermotdhm?ﬂ@ at B&mbledUind method
cnronmat ogr a stem o € prese I nventi on nu se

o ost Caniiees 15 St HER o8 RIS BIDARGS SIS EASE UL dBiReRT or s
(e.g. Or@;nﬁﬁnsmyﬁ spisb@ato abm@&n%ngl@t@M%@c.fuswﬁvemgtﬂseaws@m@ct ors
descri bed abogj with no destructive detectors mass spectromneter)

present | 9NiEH sprét?ﬁncreﬁ%ﬁt&r@x@%@oo{heyﬂ%aawn%mp?e traglion i cegponse to

chr omat ogagh¥hset &M £HTBAHE SES eV RtedG redpoRERAne ethdehegpaife Tch as UV
detectors, and the rret hod of analyzing a Ie conprises the steg of using
g‘fﬁéeSHP tor

two or nmoVaVERIARS oF &) Achspeein g 08”@8 SRS PERSERIRCDISHECT F4tE

wavel engtagpored. qPlel £sénsaes anwﬁWItﬁmét@ct%FsaWHeﬂrbréébrﬁ%Qpﬂé%otsiﬂonﬁéd a
change in a first detector response at a first wavel th, (ii) a change in

a second 'gkiKe {Q PN gaphALas afzs'%edste@éfﬁat Slandl tisHeg e a Hact(qri Gollegfor AAGHEE i n a

CONpOSi t e ARRAYSRNT SothESRIM Bg D¥néther @vrcre&ecd&fg ector response and the
second det ector ‘response, In t%ese exenp %aenbodl nments, the first

wavel engt[A08&ly be Wﬂﬁ%%ﬁ'ﬁnalv}"lpl%a%ﬂ"%ué’r iofl1e8 SBAEIrYM ARG @nalveisnd

wavel engtife ép@@%qlrna?wmb;aéd Gt ﬂ@d"f‘éﬁ AlirhberZéfNEngd® oP IntérREL (Pt | cal
absor bance detectors, such as two or UV detectors, the optica

absor banc@eftb 88t Gnee Heyn 2 B’é@PﬁOQH@@ vﬁrtYrﬁ'Qﬂlféfa@F GRange; Qygr HmQHﬁ* 88&lt ogr aphy

system sOssiii RhGY indsy @é‘%dﬁftoﬂ@@r Qﬂ\ §M§c§é?mil%ﬂ\4ﬁrﬂé@&% hgﬁh@nér\@? 8ly.,"re
optical absorbance detectors may positioned in a paralle reI atl onship

with one HABIMEPthdthe firgtand %B&ﬁﬁqj é‘]ef'é%wﬁég tae, gptegior degnonsea W%B@t%’ﬁﬂ ally

the same ghge, mé‘;ﬂ%&@@cet% afrivePof é)l%hbﬁ@hc@t%ﬁ&)tr BB&KIBs Olg £Gh QRS @§iWeh produce
and send signals (i.e., fromfirst detector and second detector Tesponses)

at subst awveinoh taoes ghinterese 1 this raxgeniask esppadipeds he 0ddth) Pheact ur t her

exenpl ar Yraﬁ@)‘égh %ninadé é?]%lleﬁ%lir'idﬂéédeVSre‘é%’icﬁPta%rr(aﬁvQy, thBl widef ectaéh UV
det ect or be used alone or in conbined with a destructive
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detector (e.g., EPD, nmass spectroneter, spectrophotoneter, emni ssion
spectroscopy, NVMR, etc.). For exanple, a destructive detector, such as a
mass specwoaendailnidddet ect or, enabl es sinmul t aneous det ect iPom/uskotiioss3e@nponent
peak and chem cal entity associated with the peak. This allows for

i mredi ate determ nation of the fraction that contains the target conpound.
Wth the other detection techni ques, post separation determ nation of which
fraction contains the target conpound may be required, such as by, for

exanpl e, r%lﬁ@étda@plb@tr@é@ [aYger&S Sis P aeH [ edTeid YurcRp &Séaléhléﬁtﬁ‘f?hfeosfé%% NIVR,
etc. If two or nore chemcal entities elute at the same tine fromthe flash

cart ri dgeCqi¢ulationsipey segq, lLsidneraeRy iedded ne), they will be deposited in

the same (pogs] by the anet @m;mb@g lemmﬁnrﬁ@fﬁtgalanpm@é@ﬁt&ré.fféiene trpé§1%$e
detectors that cannot identif i fferences between the chem cal entities)

because tPRISEOFMBY S Ysasdaionisene arvafialy fiisiecter "eée%%u qNdofiIangss din
exenpl ar yth@rm&t@ﬁ@spwﬁ@rsammmsgvép@@érﬁ m&h %&eﬁﬁ?la@ﬂuﬁlﬂd 'oﬁrdr'ﬁdtbgréﬁﬁy as the

destructive detector, all npounds that elute a he sane tinme nay
i denti fi etysternigo ém‘i"ﬁ‘i‘ HétFé@ ﬁhé‘”n%‘{?cﬂ’of@i"’éot?ﬁrilfi'?an@fy('-:acfmeﬁuﬁté@ér%ﬂ| on

[0096] I n é\@bo%ftwbh@h?&%&@m%&&rbb@?@ﬂs&% Q fifat B%Eﬁgﬁﬁﬁ@)bséd SidEor i ¢ may

be advant ageous to posi tron at [east one detector such as at | east one

det ect or , caiehingtiane #ithf aB VY edejector fi.eerseeendridetsctart 16)adtxesmanyt rid
det ector, rﬁHﬁmH@? m@{y éy}%@ﬁ éU‘ﬁ:rf%P%BmﬁYr%{E@@@g&t?ﬁégﬂ‘gﬁ'uﬁ%det cRUER an

exenpl ary enbo Irst detecto I'rs ‘ector can be
used to phavhgistintgt Bénfdstamﬁiegaaland@eemnd @aiﬂt 23;feaadibn @mUec@prsm iEPtIIb13 purrp

(2) a shu td e Gt ) Fo

first det écilﬁq %rgh]iﬁuonﬁéazr})pﬂmgw %%bg}ddg"rgf c%)‘{)?‘acan % SFﬂ %F%{" p?so%@’ %nd send
a signal ¢cmtralhsg|f|utct1$3w puBEP Dot3; and N deeciom166n flaid(comraoticatidnewitthéirsspl i t t er
punp or th ttIe Ive I activate t splitter punp. or the shuttle
Dalve. " (i 9Hief @ gfe 43 B bRy, iRt i e b FBoRRvBine s 1t e
punp or tdmwhmt bffers varvesl aDjIVal(magBes anyorconmimaphoen nﬁl’fblléiphdses (rhigt) be
Swtableflow d e set include, but are no mted t

Tl ow and (081 cURLAERHEE Eckel HoniS e s Bty ShatbBhetdrofd | n°tne
f orm of , dbhtereteah@Isampaﬂns@h&lcﬂ"hlsqabclaﬁ@"lmmg eolpesrﬁﬁeﬂtth &s &g, pyréidind gi t al

si gnal , rel n 0097 < enbodj. ment Itlple
detectors rtqa %fwers ﬁﬁ%oﬁ ‘%Droéh‘ﬂ&’t's&t‘)&\"’?)b§%@f a‘gﬁ ﬁéﬁoeéheﬁ has‘/V

det ect or mapossingd particlgndbtettiorgt tHee asdbilenehade (ch)omap‘:lidrict b&)’peﬁwﬁpare( 2) a
shuttle valv 3) not her, detector and (4) a, tee.in ende t he
other et Bt ASTAS B B oB R, Bhadlifshae sl 5B HEESREER. bbb ance
det ect or suded. gith Mpdmtle@tpnrwe rdEyediien pahist opsred the bpportumityi meimp:rwé emto
provi de i ndependent als t huttl e val ve t cau hut t val ve
o pr ovi G PARRUSRy U Rorsecd Ty febeafis i ebPafioraibrtae B broGuch as
an ELSD. ¢H2863] | Monddver, eXeénpéiaciprenbitidinoe ndetecta rfonrcsﬂrorda;bmtcorsarrmonse in
a first . . ,
components. Fractions collected based on UV detection only may contain one or
more unidentifiable non-chromaphoric components, which compromises fraction
purity. Conversely, non-chromaphoric samples may be completely missed by UV
detection and either sent directly to waste or collected in fractions assumed to be
sample-free (blank fractions). The net result is lost productivity, contaminated
fractions, or loss of valuable sample components. When an EPD (e.g., ELSD) is
utilized alone or with UV detection in the flash system, chromaphoric and non-
chromaphoric components are detected and collected, improving fraction purity.
Because a flash system that includes UV detecior alone may miss sample
components or incorrectly flag pure fractions, many flash users will screen collected
fractions by thin layer chromatography to confirm purity and confirm blank fractions
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detector can be used to produce and send a signal to a second detector to
(i) activate the second detector, (ii) activate the second detector at a
wavel engtwoohgiesssi al [y simlar to a first wavel engt h wegaS2en10BE366 i r st
detector, (iii) activate the second detector at a wavel ength other than the
first wavelength used in the first detector, (iv) deactivate the second
detector, (v) change sone other setting of the second detector (e.g., the
observed wavel ength of the second detector), or (vi) any conbination of (i)

to (v). [8Q3RIY Biayirl THE fsea t;ﬁ?é%ﬂh's@ﬁﬁh@ﬁ@déﬁ@ﬂﬁ& prychllirtihsled®ed @bwih esponse
can used roduce and send a signal to a tee to

in a first detect
(i) open \é{%ﬁpwe %PO\‘{‘% Ff)ac“(',‘?%sélsao é)q,éo SOt epretgap Qe §QTBB°'?EF\B|‘%I' flow
through afrgqidntipnredfuirbhg kesbtad cﬁmr@m?@gh@pmp sstRoperf)s sdyegHEs e above,

typlcally, t he S|gnal is inthe formo for exanple, an electrical signal,

a pneunat ¢ %‘PW , adigital signal, or a wreless signal. C. Generation of
a Signal fooem a Deﬂ@@k@ﬁplﬁ%ﬁl%itﬁ@wrb&&%&é‘ﬁ]ﬁ dyBidnogs, Hindidg Eﬁ@%ﬁmiom
i nvention may further rlse he step generating a signal fromone or

nore det e@¢tagtor é%;ﬁ@r\-:d-ec@ 3§6rh'3V é’?éﬂ?ﬁ?ra?@r@@ﬁﬁ%fe%'ﬁ’% besﬁﬁﬂ’i t9§r9§§é%'ﬂml ary
l'iquid Ché&i@@ﬁofgﬁafmﬁﬁn%ﬂé%% é@tlvﬁ?% erctHn%ollécto?‘ﬁ'sﬂSlH @sdfk exhMpledet ect s

t he presence o e CO onen I’O uces a detector response based
on the predleatan ol seEmla Badten. dﬂdas@rﬁﬂempéafmmﬁtmww iR FesRons@i d

stream | r , hi
chr omat og{ra S&Smgiéem%%a @ﬁﬂ?@ﬁ F?gﬁ f%@?&o&%?ﬁﬁgrngbgglg&%g&ﬁggrbe used
to det ect1&h@" (i) dodin &6.56% 13 eadddV ristecterahip| feackionsotiesios 14 gatieqis edwave t wo or
nor e dete rrgﬁ%)rpses based on the presence and concentration of one or
nor e sarrp corrponents within a fluid stream [0101] As di scussed above, a

gi ven det[@688) pr ovirdiss tonexemplayrlguite ckrotratogragpossstemt 8htin rmymblaryused to

gener ot o ik SR by S R T o BrRERBR S iy, RS 0,

wi thin a 131gand UﬁmmaBBEbogﬁapéapesy\mlyemaaﬂjemcm tadtionezaiector 14 to initiate
some activity from fraction collector 14 such as, for example, collection of a new
sample fraction. In desired exemplary embodiments, in response to one or more
detector signals 311 and 611 from (i) ELSD 131, (ii) UV detector 161, or (iii) both
ELSD 131 and UV detector 161, fraction collector 14 collects a new sample fraction.
[0089] As discussed above, UV detector 16 (or UV detector 161) may
comprise n sensors operatively adapied to observe a sample at n specific
wavelengths across a portion of or the entire UV absorbance spectrum. In
exemplary liquid chromatography system 80 shown in FIG. 8, in response to (i) a
single signal from either one of ELSD 13 or UV detector 186, (ii) two or more signals
from both ELSD 13 and UV detector 16, or (iii) a composite signal comprising two or
more detector responses (i.e., up to n detector responses) at the two or more
specific UV wavelengths (i.e., up to n specific UV wavelengths), fraction collector 14
collects a new sample fraction. Similarly, in exemplary liquid chromatography
system 60 shown in FIG. 6, in response to (i) a single signal from either one of ELSD
131 or UV detecior 161, (i) two or more signals from both ELSD 131 and UV
detector 161, or {(iii) a composite signal comprising two or more detector responses
(i.e., up to n detector responses) at the two or more specific UV wavelengths (i.e., up
to n specific UV wavelengths), fraction collector 14 collects a new sample fraction.
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Typically, a change in a given detector response triggers the generation
and sending of a signal. Changes in a given detector response that m ght
trigger twoeem@oxasi on and sending of a signal to one oPCEFISe01cosPosaIent s
i nclude, but are not limted to, a change in a detector response val ue,
reachi ng or exceeding a threshold detector response value, a slope of the
detector response value over tinme, a threshold slope of the detector
response val ue over tine, a change in a slope of the detector response
val ue ove a t o nse
val ue ovetootgb orﬁﬁﬁg?gg%e F@ﬁ? g%qklﬁe%ég#g@é%g %té&ﬁtgﬁéw dfzt%ﬁfb?
enbodi nrent6 rmzi)ebemsed)(tts pafdutbe qatectensignal(eot stuowrg dingdr (i b eesulie |$frep1 of

2 onal borRgegEnerar esBbR et Ehab s <fRS ol e ChRbe iepelBETS! A ponse

as a funcsermoroivithimieei(g geeatert thanfli, mat (Heisiseat tovat ieﬁstaorcbed)femhﬂer p@sponse) ,

(e, ® Endbdaldsq o8, dnattfinl o @elsier TP RE NG sB5 oA oo BBrChal 1y o
thr ﬁsfdml dddtgbmtéggpdnesp@rasswabuaay e £ )io Y detstivres lmonharige( bh?toﬁl (i lh)
Wit esli red conpl nat,l S.CO 1 NQ. a east or . at, ast 11 ntnis
ool ary BN SaTRER o U STBnAE. | Sinfler i setmbaghidHic Shmubue

det ect or éﬁ#@ﬁrmeshmm Fl@adslwvtde@ecfw 61 A/ @é ugé@w@r&@be\@a&é@to@f t he
detect or response over e and ¢ gﬁ in sl

respect i v8EY3! (nphshoyn)i tﬂlﬁﬂ EY re%xltgéw@pga Py Fﬁ?ﬂc dP§%‘§ethén fisRP8equence

of detect Qénsb?%??si)sfﬂ)m% H@t%ct@ﬁ‘i‘eé’ﬂ%%é'é 8f ni dehshat @ltﬁ)fn wﬁg\@féa&ér tfan 1t he
first derlvatlve) nd the rate of the rate of ¢ e., the second

deri vati vand %‘érﬁ%t’f% att trast jongtof httleavalve 1éﬂloﬁrtdh58§@c'lﬁ1d Iageifiani e are
| ncr easi nggtegtop EBﬁé%%?shcﬁmB%éﬂfHd"ﬂoﬁ]% 8860t %sﬁn%ﬁse #l BLSBrHky, m{?"@é‘ bot h
the first derivatlve and second derivative decreasin

subst ancesen te B¥sdgigctenl Q)thcrérta@@e ede of oospeitings oY detksiard r val ues are
typi cal | e. 0 SsS
nﬁfreri ca?/[dfa ?fg”(npg Shé@?%%gmﬁf&# thq%'\a/egﬁ Fn%ﬁn%lr%ohh/ Sxeﬂ{tf{(‘ar}r]ltgfde h% @t ep of
gener at i nglG dehemoartiog| @‘ndlffelfenbmp@'s ofewectomewmienea:gwencmfsianamW beir t her
conpri ses oV, ii
Chgﬁge i na@ﬁ%@% éaéﬂgﬁgé dewd‘e tgr%ee&' H)R\Sreo ¥sﬁér%|q%é)e%§ fgﬂhgessh Olﬁ c?xéh{ﬂ?ar)(( )
response mtm@hrmatogmphargysmmmﬂusﬁh 16 ig( pgysatm‘le(d downstoeadi §tarrmgil~! sh

e, (11 ESeaRt i Bnal oo e Dbdafle iy e 18 5 nBRRGm oo b 3 * .y

corrtd)i nat i proviae 4 ld)atdcu)r(rngspécjnsbrarm getsaa‘@l signali 619(@ 0., tmeugdmtteat Essult£$1]!)olrlse
In desired exe enbodi ment s p Fl ilter
R S T T P R R G T B
numner i Ical re%pdlafﬁwslcﬁgv Qéns@fét mtl@\nﬁieuﬁg geealer t8an 1p&frhﬁl@ﬁorj u?lbcm 1av;ﬁroafgfr of ”
several s es I ca t he ] O orithmutillzes a nu er
o s eaenbbpenetitiondsidhal 51 thos" ELSBL T4 Pyiadtanion 18 hlst rogtoted Frbe
response/ §bl6|&§ibrovﬁiéch a@tbct@er@@oné@é@dlbe:héra@@@.@nawﬂapéwm esgodidigal s, the
met hod of ana 9 a sa rs@{ conpri se g(fneratl ng a corrposlte S|gnal
conpri si n@%”‘%ﬁéﬁ%g i @ B%'ﬁ ‘“c‘B?r'b BRPSE Hem 8 /ELRRY ¥ (i fram

col | ecti ngetactbeVespdRBEE of M§drisers with rﬁ%ﬁm@S@rebtérQhé?rhaW& hinlehbeos@posi t e
signal. In these exempl ary enbodi nents, the st ef)el gener at i nt%?a conposite

si gnal neSPIEBHPYTB el S 3 iapditeg 12590 23 1 acityats §r ‘ée'f%fét’%téts@ g s e
val ue, (i{g, Bl $4 aRE/cPlecrPi vEN detector response as a functl on of tine
e., the first derivative of a given detector response (i) a change

|(n t he s| 9882]of thél’fbpl\@hn@ﬁeﬂtf@'\%#t sheysobr eneerstpodiifat a 6 utge Ve|veemay . e.

t he secon vat i f or n a

conbi natl%nq%;eld # Mﬁcé)lof I?&31‘(F:Hozr/nee{ehac%'rp %re tf)'fpsp'% %?mnegéc e(rlg}}'éryhfét}ﬁ{% or
nmore det e@trormspogrﬁﬂhy ey@eml 20 ahﬂwgome%&e&pibapl;@veiﬁbamllﬁremstemt heocessposi t e
si gnal ris u each
de?ec . Ofﬁfiéaﬁﬁé@o In &ﬁ:& ag @r\i}@u%ﬁ%ﬂbgg c%ftefé@{ F@stdos[t%ﬁ@&"?ése \éﬁle‘{‘asp {)\9&3
product od dletm:tdrl nesportser avdigenesteotignhe6t deact arsignat e sesuliat |)afrgnvaen t| ne,

g ven 1 oaPOEMf SRR A S 0 T e oD 7

exenpl ary enbodi nents in which a conpgglte signal is used, the step of
generating a conposite signal may conprise mathematically correlating (i) a
detector response value, (ii) the slope of a given detector response as a
function of tinme (i.e., the first derivative of a given detector response),
(iii) a change in the slope of the given detector response as a function of
time (i.e., the second derivative of the given detector response), or (iv)
any conblnatlon of (|) to (|||) fron1each 'sensor mnthln a detector (i.e., n



[0107] I n an exenpl ary enbodi nent where the anplitude of the signal fromthe
one or nore detectors is nodified electronically or digitally, such

nodi fi catworronensodse perforned by changing the gain of tIr€eT4iSgNalo3issé ng a
conponent of the chromatography system The gain may be changed using
conputer software or a conputer readable nmedium which is programmed to

adj ust the signal |evel by mathematical manipul ations, such as

mul tiplication. The signal may be changed el ectronically by changlng t he

| ect i i . i | f_djgi I
ot o EoReEE RAT gh ohder b ) i Bl b B B B
[0108] I n afrm%xaenplfmny Eeeﬁ)omdntfewdgvdmﬂelat:hets@rndslt”ﬁudegm?e hhte_tspgmde fromthe
one or nor, etectors is nodifie apti.c C noairric 1 OoNn oe

oot or magigistat FéRinSe e EBMelts . SBh Bpt ShpdT I drr sbRnirb el he
chr orr:at ?rgrragga nijglglseggtebmraeep@m:rrglbﬂ gr emiglmdlsmdrsgt Pugeaaml int ddtec?ft L Qeone
S| gha
or e o Totespis e s ear o ABeBn GeatELERL Ik T & b0 of AEtIrS el ory
enbodi mengnd EhSDaI@éd ésutiiﬁadﬁf/atbhﬂ dehohate mMeyshbeler@fiefdrerbriBLSha80EREN t he
intensity of a |i source in the ?ne or. nore &%the detectors of the

chr omat ogi"2pey &% 60; 80, ang, PY JeTdxiOnpl-ary 2BHioVi dfeie JEHRSIdfnANY ude of

the si gnajediitiRe dBRGtdr| QGCFPHSLEPDerW' bé RiiBzdd ﬂﬁ'tthéCELrS[ﬁfsahd"'aﬁ?%nOf the
one or nore of the detectors of th hr ormat ograp y system For exanple, in

the case @)‘?St%ﬂﬁ“‘éﬁ/‘&‘ﬁ@?@ff‘\%bﬁl‘ij‘ﬂ%‘*%@d’t‘@‘@r@fﬁﬁe M EREYPT. i ncreasing the power
of 'the || gbapour c bfer eRssiahem BBt ind eIt CREAIAGAShPYsidR oFarpl e
e

particles as they pass through the detector. i ncrease in scattered
li ght i nc@al&genthiBvaHon gy LOmPrisked ﬂO@r%ﬁsthFWfo@&]ﬁtWaﬁ?W@m Byg or

enbodi Menfokh AbS-deBRuvel djételelerso(e 8. h%n%' &nalord roem;é; %s@ﬂ@n@é dRe@ofiet ectors
is nodified b%flwplc means, such fication performed by

changi ng $4& Vofletegion) Qe%‘r@ﬁgf%tfor"éh with ”tonéeﬂﬂ@t"(ﬁ dﬁ{ﬁc@fﬁf(etghea

deteCtOrSmﬁésé@&m@h&@ﬁ?bﬂﬁkﬁﬂhﬁhéEﬁﬁ&ﬂ‘Ithéﬁﬁéhﬁknﬂ%ﬁﬂﬂhﬁkMtQﬂ? |@P“t
t he anplitude of the si be no |f|ed b%)étf angi t he armun

sanmpl e t rgHeMBIAURP Y SYSIR FivErbisesdve qpticalhab %tg@PrSt figch as U
chr omat ogdétekiyrss whl @B %tmwﬂa@zmg% §érﬁF‘lero%hﬁJri@és trreestéeephﬁng M@th the

fluid transfer device. In a further exe nbodi nent, the anplitude of

the si gnalOfa{lelssias dpreRservsy acsAReng P‘Yﬂe Oér’f’B‘Efﬁt SQﬁ“C*f‘é’aWﬁY@e‘ﬂgtE\?rs?'eq red to

the one O¢olleBtiry af néﬁ%aﬁﬁi!@qia@ﬁ@n ai rb%r%@rt@nﬁ)t @gérﬁih@é iBYS RS0 OdtesiBANQI NQ
h the fluid transfer device. | n another

the fl ow path of thes t
exenpl ar y'eERYEE AeRtlirst ‘Hg"ej%’iﬂth’t (lj'gé ghangsensd §REPNG Htestor 18R S8 AlR

changi ng ddrenadvivelength, 2w & éﬁa?h@;éf Brd e8mp@sitdhRsphfsOFepi@scditdf by e
detectors of the chromato ra(g% stem us:ﬂﬁ% multiple fluid transfer
st p

devi ces. frat HRICEIE TEFRASFRN ePyd ONg&he “&n‘ﬁ?ﬁ FIBMBRY he
signal i serfibsdimiefts, ﬂwﬁbﬁﬂﬂ}e@g&mma@msﬁnn&w&d&lid&rlﬁfff@rbhﬁl%rh%é he one
or nore of the det ect %rs of the chromatography system by using

i nt er charRfeaBe WavelgnatNt r ansfer devi ce conponents. In another exenpl ary

enbodi menbogdjhe anpy ieksrdpladf ehib@dﬁmaﬁelunmg BRo fBPdhf)ieerthiél Ghandhnge t he
anount of sanBIe transferred to r nore of the detectors of the

o SiaSHbIs SUtERs biimbr Mo L VESingory fsahticel Hesoanpet bR ehe 11 ui d

transfer tﬁlﬁgbﬁﬁonédnwmﬁ & Give n@m@rmhﬂﬁa’togmpﬂghsyﬁ@m sd ae 1@ PRvidegiee of t he
signal na di fied by cha}n&%ltr)\q%the anount ob % e transferred to the
one or nd%ereowsm AAREEES WReOICRPEHRP UG ap8Y gﬁzqeﬁﬁesgpreﬁmg%g t he

shape or dsgRnefi ith daeart r@él%n%hlbtvbdrﬁoﬂ@hNcﬁhéroécpfhapEi s%hﬁ\ﬂéfeachél@eé&ﬁpe or

size of at |east one stator or rotqor chanb (e nmpl e al i quot

vol une t reaiesier at Adpiantialy e spme) tige. éHQﬁH%ItWOd?’ 'BBrr?oPlPitéﬁai[ @H§0rpﬁ6?9eof I'n

an even fduédes ms«grrpio@bue%ﬁm@bﬁ@rmgnélmu anmtdri Uiter @bielct? shdrakonmy be
nodified b changl ng the anount of Sgﬁ‘r’rglte transf erred to t he one or nore of

the det ecdBpLOTRSRPISEShAHRERHABNMPe SaateiM® iR 2 Harncpllep8r-shape or size of

one or ngpeosipl i ttgya mme@ﬁé\ﬁglansémbédnﬁaewﬂlawﬁarp&me%@ete@tbr RUPRI
conponents, or cqnbinations thereof. Al of these mpdifications Increase

t he armurﬂ‘?t?ﬁto"sé%ld@%ﬁcﬁicr?gmﬁhé?ede%@c@@ﬂe AGFHR CRMOINaduWith iBneeBrisEe t he
anplitude of the signal. For exanple, in an evaporative |ight scattering
detector, increasing the anmount of sagpl e increases the nunber of sanple
particles reaching the detector optic This in turn increases the anount
of scattered light, increasing the signal anplitude. [0110]In an exenplary
enbodi nent where the anplitude of the signal from




the one or nore detectors is nodified nechanically, such nodification may
be acconplished by the detector design. In one exenplary enbodi nent, the
nodi f i catwortonensodse acconpli shed with the use of nmnulti plPeTdSe@ass3s6 havi ng
di fferent conponents for each detector in the chromatography system In
anot her exenpl ary enbodi nent, the anplitude of the signal is nodified with
the use of interchangeabl e detectors, or their conponents, for each
detector in the chromatography system For exanple, a system m ght

i ncor por ag&etttP eegaeplnamaxse spb&tfdmeentshetrdholith &6t Anfis§as BpatitoBedby,
dlfferent ower gFt source. The detector with the higher |nten5|ty l'i ght

source wi N eEH@t) at 20Tt HEMRIgHha HRstUetiMeedetegion] SHK@I a3 |av€‘a§% SPREUBEIEEL or Wi t
the | Owerdétew Lhdds SoRIEReol® HelddiiBn acsfoanéemﬁgs&ﬁmltagseekeamcﬂhma| t he

anpl i tude of the signal may be nodified by changing the physical
char act er SRty @S%'atﬁﬁe\”@h#ﬁ @e%acTh'%@”?‘H% f@l'etr%‘?@'ﬁte F*B’ﬁe”'éb@ﬁ?ﬂ' of g an

evapor at i #£etlohofbt é@ﬁhﬁ@rmwa@e& R6HPbund arwmﬁ tRROtHEF | R¥ectioAltb&iniqiise |1 ght
than smaller particles and | er particles contribute to noise that can

mask t he ReghFerawitighdeterminadion pfrwhieh &actignecyiitains dery tdeet sRmrRMpdI M@%r and

changi ng, hd Qg PSRN b@%)ﬂ%ﬁﬂ”é)?a?ﬁpltﬂ%pédtt%}ﬂhé’@h%hgt hﬁaé%egb'éd%%et@as type,
t he nebul i zer I|q idflowrate he nebul i zer he nebuli zer

desi g or ETGEENIFERTeIaRAMRe 615 2CWSrOrJBpeIQhBcH] ﬁa‘tltiaﬁr%a@éaﬂe $a50e

exanpl e, GhesSforh! @Y MPULhARIR Ale. CARGE M isarte hetbhidh %m@?yw@? whesk Larger
particles scatter more light, increasing the signal a ude. In a further

exenpl ar ydenaséed e S%I“ﬁlVéj’r‘né’b’ "Bﬁrﬁwtteﬂhlé’h@i‘ diing ¢e§’fa@1eﬁeﬁeai%ﬂ iy thesvi ng

the smal | gstagBletaRichhrbtCiRiehtif) MiftdtBnady BSteehthe aiReRficd titied) Deckhge | ar ger
particles reach the detector. The smaller particles may contribute to

backgr oun#esdi dieEREE Gannet rdgterning + eharmieals iCgRIOSEeRer a'l“e@”b;ﬁx?’ﬁ@'al%r ger

parti cl esgmRSdREhD WHAE S nFd R é;?éctr@?ffétércbét%clo?% aamesy tdietamabdtfudtige of the
signal. Inpactors of various ty nd desig known in the art nay be used

to sel ect38eFgr r dhsPEPOHRIS r?BiFtI é'lu‘tebé'itt"hﬁl W%émﬁ EPhdp ideatipd: helttet ect or .

Flat pl at@:n‘:tﬁ@t@@‘tf‘iﬁ neécﬁfo%hfliﬂﬁéﬁﬁ/%‘t%r séﬁ&?ﬁt"drpm [ nmpactors, el bow
i rrpactors t hr ee di nensi onal npactors, or other non-linear flow structure

i npact or sl008%] conbithany ehihe ﬂ%?\@o(#e%?ape%éqwgé@romﬂoawehhéwste%nmfa@x/

enbodi Mende a4 PRRISIcBBs B Pbé]eorpaf bh&l @ dRYctbe sﬂ@rﬁihé heRabord B0 dietdtdhe
evapor ation characteri S | CS For exa;’g}ea,sachan ng t he terrper ature I n one

or nore ofowedeaat Bam| (eLonBsSerigemiin) Pie¢© %tﬂ?fe“é‘iﬁ SU< BF Gkkeaskxhaust

bl ock) nMeyhedbftier WV RIetaddar bi eheeLS@ aln' ABEhN Exempldts r@asddidest, GNfdst
anpl i tude. éOllZ] I n anot her exenpl ary enbodi nent, the method of analyzing a

sanpl e coffipFieeEspARSE NG irshfielge PQE’ |bﬁdJS§d§P @H%d“oﬁl%‘ﬁﬁ?ﬁ@ otionRl e at

det ect or Sighdt ¢hd 6fQH) € PIHSRIrAE QPB)‘Sh@Y[@tﬁﬂe (Bea ks dABMBF hsd Y 2
detection response conponent from | east one detector; and collecting a

new sanpl1€&f r 58k ieéﬁmplﬁ & f'F‘%diqt‘?ﬁﬁorcbqqp@B%%rm ioh fifs SRR 691 Pecksath® in the

si gnal ; vheagsdapdehd Wsigril ohe sﬁi.taﬁqiumﬁ ofk ém&é vaﬂb@% (if atiatd Mnd hi s
exenpl ary enbodi nent, the anplitude_of the si %na may be at | east about 3

v, 4 nv, SPEteR/PUBPYY, Th? Wtﬂ% valve. §i) n‘ilﬁacibatﬁﬁ eo‘%P[’H%rr Bump[@’l"i'@] shuitiey

further exmmliar ¥hargeoshid®ninord New R tohestund s@tﬂﬁbé/éf Mg shligapPhfp GRS | ses
the steps of eneratlng a signal from one or etectors in a liquid

chr omat ogﬁiyalwvg'yet 8V} r@@ysw@ena%nﬁﬁ (i3 i@ ofiiigy d§wt@@ﬂ¢ HAWr 33 FRISUB Nponent

fromat |Ragigsoneudet Bt afe ndNink&d k& Cthientbw aﬂavbréeémbeeitrr@@td:é%enbéu a
fraction collector in response to a chan%e in the signal; wherein the

sanpl e fraRvpon! yricaligsthe ﬁa%afd? iy 4 forfp weuexqme'enﬁn qleptical $1gnak | ar y

embodi me neuh@ic%ﬁjﬁm %dl{)lﬁiﬂtsigﬂal 6913'\:\#:%1@@ siﬁhﬁl be less than or equal to
about 10 down to at Teast about né |nte er or fraction

t her eof ilAO¥Ai s ra%@mﬁ@ﬁe@ﬁmp@bogﬁ@'@%rﬁwwlﬁ qTQfﬁ D1 POy be

| ess t harﬁé?éct@r@??daytbe Miﬂnea(%orfﬁat SdtnhMbtector dah seﬁ@i é‘ExgnéQe 'Eﬂleaépor@ 30
ny, , .or less. 114]1n an even further exenpla enbodi nment ,

t he rret hdﬁ Gﬁ %ﬁ&i‘w REMA: d Iéh%?rﬁﬁ‘@‘es(?’l W@Og{eé[ﬂet‘?ﬁtorgéﬁ‘ér(éi iR si gnal
from one jgdegEREnflebe HeObfel Reftctdréli the BynEmt ogsRBMMAY Snafbld HRtical gnal
conprising a detection response conponent” from at |east one detector; and
collecting a new sanple fraction in a fraction collector in response to a
change in the signal; wherein the sigpgl is generated by at |east about 40
uUm n of sanple provided to the one or nore detectors. In this exenplary
enbodi nent, the sanple provided to the one or nore detectors may be at

| east about 40 A/mn up to about 500 uUm n, or any integer or fraction
thereof in this range. For exanple, the sanple provided to the one or nore
detectors may be at least 50 uUrmin, 60 uUmn, 70 uUrin, 80 uUm n, 90 uUnm n,
100 uUm n, or great er. The sarrpl e may be prow ded to the one or nore.

o o R T Y



[ 0115] I n anot her exenpl ary enbodi nent, the nmethod of anal yzing a sanple
conprises the steps of generating a signal fromone or nore detectors in a
| i qui d chwormatiogoaphy system the signal conprising a deCeaszan/osssponse
conponent from at | east one detector; and collecting a new sanple fraction
in a fraction collector in response to a change in the signal; wherein the
one or nore detectors conprises an ELSD and the signal is generated froma
| i ght source of greater than about 1 nW In this exenplary enbodi nent, the
si gnal f |4 [ ; pto
about 100 TP AREIA s (BAT B defttorS iy botioshonaf i d Ylbn sy Rk
exanpl e, heroyidgndependant signads f edshutten valvel tthcagssutioe sbettiatvalveata about

1 mwW 2 ; : ; ; nor e.
0116]  n Boyie ke Segel i salilin (f¥horierdtertafiom s AYELIR ™2 campl o
conpr i ses[0088] st epé othejerxemplarmenebasiirgeris, arfosh delector reapopsddn ecfists in a
i quid chsqembpgnARY SuP 4§ BrodRe 20@RBha SPIRNLSIIG Seclflishhian fFpponse
conponent "from at | east one detector, ‘and coll ecti ng a new sanpl e action
in a fracadtivatectie eeeand datecwsplinsactivateathehaagmd detentor sitgmakaveldgngtiei n t he
two or rmgLﬁJS%ttiS@ Qﬁﬁlapmrﬂr&‘%ﬁa\@ér@%’h@e@ﬁ{ ﬁ]%tf?rglsd%\@}f’ﬂoﬂg(ii@'afcﬁ\?dtg%e dynam c
ranges. |In sone sanples, there may be sone conponents present 1 n large
quant i ti esecand detemiorc aivp ovavetengin othenlthar ifanfirst ivayelengtht hsed tathe titst
detectors d } . ] : i
excooded Soahr f SeRctAtOReHRARU UGS ) HhERob 1 BRBL Ei BB S, 4
portion ofecphe detestori (¢.gndhe swearved vaveenothoef theeesonthdeiggioalrios (vinage. |f a
singl e sagpl t gi re than one conponent, where one is within the
detector's yrrtl%ﬁr%nmc&}r@?l%g&and the other is outside the dynam c range, one of
t he conpdA@d¥ls may Imyrt deeraxempire eémbodipearnis;.a fikspaetectouresponiss Bt st s

dynamc r { Ik PG 0N,

[ 0117] ForCaaor FRFBE psaid WoalEQ Sid 8 RisREL R £1610 b eheR BTG 7 ifC

smal | est dleggplaevalmea®t ashigt startl pr stdpgffeid tiew thraughi arpartion edtibe liagidioony,

t hen the ; 1 NQk ; er

det ect or é@é\%gﬁpgﬁg@gr&ﬁgﬂnjﬁggﬁ%n%e yn%dn‘%eb%é"%g‘éﬁhé%ﬁ”ép'égﬁnﬁﬁﬁé@g@ai ns one

conponentforexaopley aarsieaiesl ignsdenpneunrlics sigrali aWigiel igoabor v wWireless rect | y

i sol ate the gonponents. I|f one conponent is at 1lng and the other is at

200ng, the“tirst conponent won't be collected. O if the first conponent

is at 200ng and the second is at 1500ny, the second conponent may not be

col |l ected properly : r i eak won't be visible

and m ght act l@g I yG%g’g%ﬂ?iOE)F?’w&%@%%&?ﬂgﬁﬁ?%@gﬁt l'y resolved to show a

val | ey | d@#@0lt han The maipeds efythepresenhingentidnimaybgther gemprisdthesiesoi t ' s not

possi bl e ey e i | ary
emeRRILCY SIGHRF IR BRI Held AL AlBERMLT 119 dod BRoRURRAP! 8

embodi ment, one-way overcome this pro y using nore
det ect or @mbadimentansuciyas examiay lideidetrenategiaphysgstamdl @ skvenin ”@ndni ¢

1 or onts S SbBFlor, o Be RRTREALS FpI? PobBBrsind YRR

det ect or Sedécton rebponsmetbasggen the peasetle and ce@Diratiomot & eawpleaospanist t ot al

arount 1 D81 14 SR, L othef B RRRAP SRpiRs Aln ' Sepi B AR i oot o ©

smal | est ahodrhatogedphy systietm$0 showingFEihd, 190 or smdre digremtors maynipe usedtn it

L) Q"o REARRL esthtd o 8RB o o SR o0 T b denaeseaget et o
then it widtéctovordsppnegebagetvidrh thmmppésencerand SoncentatisO0dinone dowaoer , t he
conbi nat's%%p‘f%:%rgﬁé@%@%b%h@%Hiﬁ&%tr&%ﬁween 10mg and 5000ny, a dynam c range

of 500 to he Ssane " det ect or m ght have two zones with
di fferentf0tiyrjam c Asnigesssdtbabeveq@plieen detdeldBProvidéd onacompareadatedtonn | i ght
sources W Lff ef ect 1 gh ntain fl cells
o ehCer s rebdbriel tééf%aa? Rey bifed 1% et st T Hinsf 38 R o e’
Fr act i oncomponents {(e.g., a fraction collector, another detector, a splitter pump, a shuttle

valve, or a tee) within a liquid chromatography system as described herein.
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[0119] The met hods of the present invention may further conprise using a
fraction collector, such as exenplary fraction collector 14 shown in FIGS.
1- 3A and wo2p11@oxsl | ect one or nore sanple fractions | RCTASP@NOSS3HO one or
nore signals fromat |east one detector in a given liquid chronatography
system For exanple, in exenplary |iquid chromatography systens 10, 20 and
30 showmn in FIGS. 1, 2 and 3A respectively, nethods of analyzing a sanple
may further conprise the step of collecting one or nore sanple fractions in

Cpsponse RIS EvTRnS 0 REBRHERBRke ARLERIRE kgl SEUBhdRY 11l

respect i vefl & signet hongss iaaadivern GQeatos seppopserthat mightteggerdhpgeseratibe st ep

f | ' . | .

o ool LTSIy 8 TR UG D6 AR NAgh B FERITRS ol B IRRITAE
(or seconchangetiect deteb&al)resmﬂnsbmﬁuémachwg@rwcmdin@latteo&snnki d&eatod 16 (or
both fi

e(r)rbodl h;ﬁ%egsé\%etsﬁ %?aegg%&?%f %Le%%?%topﬁgﬁggﬁa%{’?éﬁabw ‘ec o?s%g%%gr atively
adapt ed tdf thecdgiecios, respasevelandver dices sa @hen@e imar elope gufalhe detentoat | east

or e < griareondt iR o kAR Mo BRUCARAUR T « 438 bP BB FARER, BRebRs "

m cr opr ocesise agerding, pmany combination dededfo process one or nore signals from

I i i On
Fecogn: sABTEPE! gnal” PRES e URRT & EuirteR Bl Byt tan oPeerlERliof “one o
nor e sanptanprisecthieosisp mmemingm detectoragrsl groat at feasimonb alehettdot, itaal
component sayF HEARBOTTY otk BEH ATRShonsb 01 sREE 2 AeteBBF KomoME o fam 1 o
provi de CHEE& cﬁuncﬁmn of fyst(een, meofﬁrer déremtivd-of a detecior eespansélefidta a:tmagelé’u ect or

may be pog I’éﬁog tP({jﬂe fig't Btg?{%'g}ﬂﬁé‘? %.ﬂ%'ﬁrﬁ’ct@ of eqpe aﬁ@’se%)ﬂﬁ& Rk | O

mnimze any VenTgat
response tedigtedtyr tdseos&&ép(u@fopd@hhﬂgcta ﬁgemokhdpﬂeetdr respanea \Aaa@ed)rcﬁw) a

si gnal 9hs @&rﬁ&n%ﬁo%ilp f)‘%ﬁfh & %E%%?r?o‘?natuoﬁs%%@?lsﬁ@ c?t‘?égé?g ;@5‘?'& §s of

the pres invention rona ograp esira exhibits

a maxi nurieastr(ﬁ) del thig exbrrmlegy%mbodeneﬁt arsubstgned |st|@cmgmze‘dﬁimmtba sbeﬂaé ect or
.e., y en t

response cgfng-,e?? F%% re% &% £ C?ﬂlcglg? tﬁéﬁzﬁsgﬁ%}? :G%ﬁv%ase on a

si gnal gedﬂetabeaieépometmter dmeac(t@r stcwpan@e;haoge||esi§ondqa1es:a¢m|uely)2 0n seconds

b
075 &5 (B e prfamcinalRS R AE Setlets briaGiiet BRROIET T g
two or novaduatearetmensures itatrateed vhaoge (idetibe tfiost d@nn@iwe}namg the satesditise (as
descr ! Dedatbgh landsl\Fe!, WS GoHar AUREAR) IS KBRS daRkEXRY ML S @

maxi mum tine déla or si rom an
fraction mbhédeovatwe aee ;nctetaelrm, asubietaage sdragireing io)bet Mededeﬁnmldmlyof a

0l ver detgRPbiPSRE"RS W) ahBCus! Sy GBIAEL! B0 Be5RTDMG thact! on
ased on a Signa e.g., single or conmposite signal) generate Yom t he
det ect or m&bstamneéﬁc&ﬂSinmsé)etMema@out 2.0 s (or less than about 1.5 s, or

| ess t hagn%@ﬁ 1. BeSrwid 'dERRtd "\ ML ticans hoisy BHTP)agoSHmane i ( )

Separati
deswab[e to utilize low-pass numerical filtering (e.g., smoothing) over time.

Consequently, the step of generating a detector signal from at least one detector
desirably further comprises low-pass numerical filtering of (i) slope data over time,
(i) change in slope data over time, (iii} optionally, a threshold detector response
value, or (iv) any combination of (i) to (iii} to distinguish actual changes in (i} slope
data over time, (ii) change in slope data over time, (iii) optionally, a threshold
detector response value, or (iv) any combination of (i) to (iii) from possible noise in
the detector response. In desired exemplary embodiments, a finite impulse
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WO 2011/ 140345PCT/ US2011/ 035366 [0123] The net hods of the present invention
utilize a liquid chromatography (LC) step to separate conpounds within a
gi ven sampbestiDapindi ng on the particul ar sanple, vari oRSTIUS2€10/085366 ,
nobi | e phases, and ot her process step conditions (e.g., feed rate,
gradient, etc.) may be used. [0124] A nunber of LC colums nmay be used in
the present invention. In general, any polynmer or inorganic based normal
phase, reversed phase, ion exchange, affinity, hydrophobic interaction,

hydr ophi | j&pbRdee(FARS Fifd): orn‘hfﬁ%fé |'ﬁﬁﬁﬂ%eaﬂb§p§h§ee IﬂQiltéﬁh&Q KOLIFRS fomwbe used
in the present I hventi on. | ary conmercially avail abl e col uims incl ude,

but are n@ss pymeER tf'Be“ﬂQonuWﬁ@ yghiimenled. f PYRRRY sk aDAYELASS i sevBtRdr y
Sciences ek )thﬁ”x)‘ﬁnbélﬂﬁ (REUREiMFOAGG hm GRACERESLN TMIRR 1 Seblbfla
ALLTI MATmM EREST(r), and DENALI(r), as well as
ot her si @w%eswdﬁamee%s CC{"(B‘!UZB?QK’ WLﬁfr!ﬁé‘rl dejectoppspangeigealcaifhBRldINSe. nay be
used in tjgoBf eSenty s xefipla l@nﬁtﬂﬂzrﬁerﬁf@theemBﬂfb‘éeofCéﬁﬂ%thsa'nﬂﬂé ude,

but are not Iimted to, acetonitrile, dichloronethane, nyl™ acet at e,

hept ane, He¥t gHeRiset E?’Feréiimﬁara CPEtploé'ﬁ%/cﬁ'QSﬁbrf‘é?mpf’étﬁ‘lgoﬁoﬁ%i?ﬁtiorhé@@é’ﬁése
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chr omat ogr aphy system For exanpl e, "the pethods of analyzing a sanple may
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liquid chipegtohanis dYiShR & giles bibRgior ?éﬂp%ﬁ&é)ngu U endifgeR iR §I8hé | Ngs
(e.qg., flow or pressure settings, wavel engths, etc ) of one or nore

conponent & g lgl‘Vleﬁ @F@@ﬁ%@?ﬂseiﬂ&ﬁﬁuﬁﬁﬁ*ﬁw igte {igadbe é@@f@éieé'(\;’@*&e ¢fdhgener at e
a signal hasedefRRic syl FaiNeamLt t&RbinalGPbl (i (ifptromakssh d&keropccount

one or nore detector responses from one or nore sensors and/or det ectors;
programm @‘r@ ofchp of n@?et%%/sqfemoé%rﬁ%‘?fé?!% (F @ heramMan i 9(9’61@3@("8'?”}3 Y

gener ate gmebanhidanedoafipssidesigharl Y eRBHeal) alaerddlam dihadtetipkes into
account one or nore detector responses, Elﬂ;gl’ anmm ng fraction CO| | ector to

recogni ze'egPaisgn¥aiugsfay each %qt%Pre(’@rr 2 P"Péjrsm@fr‘f‘a‘lj‘?teﬁtpf%aéta gi¥et one

det ector t[fﬁ@%t?fﬁb'pﬁ&&u&%ﬁtk@f:r%&wﬁﬁ\%‘ & the B6lebRPPoNRRSES A BivER GRIGY €d
signal; pr. o% ne or nore system conponents
(iil) the product of the second derivatives of the detector responses at a given time,

or (iv) any combination of {i) to (iii).

[0105] In other exemplary embodiments in which a composite signal is used,
the step of generating a composite signal may comprise mathematically correlating
(i) a detector response value, (i) the slope of a given detector response as a
function of time (i.e., the first derivative of a given detector response), (i) a change
in the slope of the given detector response as a function of time (i.e., the second
derivative of the given detector response), or (iv) any combination of (i) to (iii) from
each sensor within a detector (i.e., n sensors observing a sample at n specific
wavelengths) alone or in combination with any other detecior responses present in
the system. For example, in some exemplary embodiments, the composite signal
may comprise (i) the product of detector response values for each sensor within a
detector (i.e., n sensors observing a sample at n specific wavelengths) and any
additional detector response values from other detectors (e.g., from an ELSD used
in combination with an UV detector) at a given time, (i)} the product of the first
derivatives of the detector responses for each sensor within a detector (i.e., n
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(other than a fraction collector) to recognize an incomng signal from at

| east one detector, convert the incomng signal into a signal recognizable
and procesei2bligi4b3asa fraction collector so that the fraeCirars2eoloBiet or is
able to collect one or nore sanple fractions based on input fromthe one or
nore system conponents; and activating or deactivating one or nore system
conponents (e.g., a tee valve, a splitter punp, a shuttle valve or a
detector) at a desired tine or in response to sonme other activity within
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in FIGS. bSve- des g., exemprary liquid
chr omat ognaplhgats}ylsmeyrbe perfooned by @recappla rcmtd@tab onticieneshanigal farriuidie

conpri se SUSHEM hardware that enables (i) the recognition of a detector
response vdl'ué or a change in a detector response value, (ii) the

gener ati dA107] a si hghe a‘xemﬁarh@ndmtdernemwm@sgbawmmaeeofohheastmm@m in a
det ect or shon L e

syst em Cothgoérh%n@e m\ﬁ?t%e \%%tetc&cgk % gﬁ)cthﬁf@le ngf?(?nlga(llé/aorst'jl '%18 Elﬁ’clppr]%dgfcam{

r ecei vi ngmayieopefarmedviy phangiss rtmg gain m‘ntherggm@mtsmgjaswcgmmnem Dhrthae t he

e vt e ARG ey UL he Oy L2 A ARG Sl

2011/ 1403@@3@1’%@@@7@03&%@ | @hBD] isnproganereddbardjusintbedsigmait levelhisy

appar at uSméﬁle%a’ticﬁxﬁugmpﬁraﬁﬁohé,qéuc‘fll as multiplication. The signal may be changed
electronically by changing the electronic processing of the signal by analog of digital
means, for example, changing the type or settings for an operational amplifier.
[0108] fn an exemplary embodiment where the amplitude of the signal from
the one or more detectors is modified optically, such modification may be performed
by a light source in the one or more of the detectors of the chromatography system.
In one exemplary embodiment, the amplitude of the signal may be modified by using
a different light source in each of the one or more of the deteciors of the
chromatography system. In another exemplary embodiment, the amplitude of the
signal may be modified by changing the intensity of a light source in the one or more
of the detectors of the chromatography system. In a further exemplary embodiment,
the amplitude of the signal may be modified by using multiple light sources in each
of the one or more of the detectors of the chromatography system. For example, in
the case of an evaporative light scattering detector, increasing the power of the light
source increases the amount of light scattered by the sample particles as they pass
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chromat ography systens 10 to 90) or a given apparatus conponent may further
conpri se system hardware that enables a first detector to send an
activati omoognab34sso a splitter punp or a shuttle val vePro/use)11asi3svat e t he
splitter punp or shuttle valve, (ii) deactivate the splitter punp or
shuttle valve, (iii) change one or nore flow or pressure settings of the
splitter punp or shuttle valve, or (iv) any conbination of (i) to (iii).
Suitable flow and pressure settings may include, but are not limted to,
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corrprrses S ware that ena enerati on a detector signal that
is generairhed Cﬁfﬂm@@@’@ﬁb‘é systemi Yoyt hsing dpferqhanae@meeﬂwdr tiegsigongevies a

function &Jmﬁcw%ts(' 18- anoﬁhﬁ Jx%ﬁﬁarf%ﬁb‘b@‘rhé’rﬁ e &ngl‘ﬁp@&hpfher Qéﬁé]%?%

a change I n or response as unction

t he secorkp aedlfredthy\ﬁéraagmeﬁlee georot ersar@éetrﬁeefprre@ 19 the a)stargnere of they

t hr eshol f

W o HABUE g e RORBE Y Symbim (B0 (G e lng corrrgr@ o)
syst em hadfdharfbicisansiabigviear t lea f rqxeewlarm\mrrwgnemnm Fapiitpde pér i ng
capabi | i tth@%ldn%L g'bfeergbcgﬂeci b% CRARR fﬁ@taﬁ‘noﬁt E)esérh@%% 'sfbn%'dq ng (iii)

optionally, et ector response |nat| on of
(i) to (i@ mofﬁ/@fr thei @@G@T@fsdﬂfsﬂ]ﬁr@wﬁ@ﬁtoﬁfﬁnﬁm SV@W@ESJ iaHQIOQ)T eﬁb@ee @&t a,
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val ue, or |na|ono (i m possi bl e noise I1n a
gi ven det@@i{o()pr fcé@rpzmlgg)er e.g., the sampeaquuot volume transfer chamber or dimple)

or channel, or combinations thereof. [n an even further exemplary embodiment, the
amplitude of the signal may be modified by changing the amount of sample
transferred to the one or more of the detectors of the chromatography system by
changing the shape or size of one or more splitter components, shuttle valve
components, or pump components, or combinations thereof. All of these
modifications increase the amount of sample reaching the detector, which in turn
increases the amplitude of the signal. For example, in an evaporative light scattering
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[0135] In nmulti-detector systens, system hardware may al so be used to
enabl e the generation of a conposite signal conprising a detection response
conponentwbromedh detector, as well as detection resp@nsascanpaitents from
mul tiple sensors within a given detector. In these exenplary enbodi nents,
the system hardware is operatively adapted to send a command/signal to a
fraction collector instructing the fraction collector to collect a new
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substantially linear or straight through at |east a portion of the valve.
In a further exenplary enbodi ment, theg,pressure of the fluid through the
first fluid path remains substantially constant and/or it does not
substantially increase. In another exenplary enbodinment, the flow rate



of the fluid may be substantially constant through the first fluid path. In
an alternative exenplary enbodi nent, a second fluid path is utilized to
carry thewal2zoguab34sanpl e of fluid fromthe shuttle val veCraStda/035366
detector(s). The flow of fluid through the second fluid path may be
substantially | am nar due to the second fluid path or channel being
substantially linear or straight through at |east a portion of the valve.
In an exenpl ary enbodi nent, the pressure of fluid through the second fluid
path is s I [ | 0 ease.
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[0114] In an even further exemplary embodiment, the method of analyzing a
sample comprises the steps of generating a signal from one or more detectors in a
liquid chromatography system, the signal comprising a detection response
component from at least one detector; and collecting a new sample fraction in a
fraction collector in response to a change in the signal; wherein the signal is
generated by at least about 40 ul/min of sample provided to the one or more
detectors. In this exemplary embodiment, the sample provided to the one or more
detectors may be at least about 40 uL/min up to about 500 ul/min, or any integer or
fraction thereof in this range. For example, the sample provided to the one or more
detectors may be at least 50 uL/min, 80 uL/min, 70 uL/min, 80 uL/min, 90 uL/min,
100 ul/min, or greater. The sample may be provided to the one or more detectors
in the liquid chromatography system via a fluid transfer device positioned in fluid
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exenpl ary enbodi nents, the apparatus for anal yzing a sanple conprises
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modi ficatg g éfaPéan QS[J ééfgpcﬂ%/ %oﬁ&ﬂﬁ@”é’ﬂ{em?f ahﬁ?e %Eﬁ’&fﬂr?%%@ﬁor?y“ em

bei ng operative e galn may be
changed L@flﬁqoummperm%tﬁ @waﬂ@gebrn thec@gmﬁlt wherﬁéaﬂwbw\@ @fe@pmwﬂe’smiow is

prograﬂr&%n%g[saglmﬁqﬂé%e% %avlr@V& ferté\ﬁt dg@rhi%r@h ; noeg h%es such

as nult t1on e signa be chang el ect onlca angi ng the
el ect r onitbersr BeE HSi W@ﬁomn@n@itg rwaesem innlaageoguasttities gnd @Dmee@mporfams

FOTAB] £ A B AR RE' e ANRRER 208 il
When the dynamic range is exceeded on the high end, the sample signal amplitude
is so large that a portion of the peak is not seen, the portion above the dynamic
range. If a single sample contains more than one component, where one is within
the detector's dynamic range and the other is outside the dynamic range, one of the
components may not be collected properly. A particular detector's dynamic range
depends on the detection principle and the construction.

[0117] For example, if a detector has a 100 to 1 dynamic range and the
smallest sample amount that will trigger the fraction collector is 100mg, then the
largest sample amount that will not be obscured at the upper detector range is
1000mg (100mg x dynamic range). If a sample contains one component at 200mg
and one at 500mg, the fraction collector will correctly isolate the components. If one

component is at 1mg and the other is at 200mg, the first component won’t be
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nodi fied by optical nmeans, such nodification may be perforned by a |ight
source in the one or nore of the detectors of the chromatography system In
one exenpvaryiwgrbiadi nent, the anplitude of the signal meygThS201008336€d by

t he chromat ography system bei ng operatively adapted to use a different

| i ght source in each of the one or nore of the detectors. In another

exenpl ary enbodi nent, the anplitude of the signal may be nodified by the
chromat ogr aphy system being operatively adapted to vary the intensity of a
i ght sou t o | ary
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sanpl e t raitisfifferand light patielepgthsor nore of the detectors by changing
operating conditions of the fluid transfer device. In a further exenplary
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chronatography3systWb@@mny(BpemaMbmeﬂwmdﬂdﬁﬁﬁbnﬁo vary the anount of
sanple tr rred I he
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enbodi nent where the anplitude of the signal is nodified nmechanically, such
nodi fication nay be perfornmed by chang g t he detector design. In one
exenpl ary enbodi nent, the anplitude of "the signal may be nodified by the
chr omat ogr aphy system bei ng operatively adapted to use nultiple detectors
havi ng different conponents for each of the one or nore detectors. In

anot her exenpl ary enbodi nent, the anplitude of the signal nay be nodified
by the chromat ography system bei ng operatively adapted to use
|nterchangeable detectors or thelr ~conponents, for each of the one or nore
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conprises system hardware operatively adapted to generate a signal from one
or nore detectors in a |liquid chromatography system the signal conprising
a det ect w0 208813033Se conponent from one or nore detect oPST/iBr@1a3336@Ct | ON
col l ector operatively adapted to collect a new sanple fraction in response
to a change in the signal; wherein the |Iiquid chromatography systemis
operatively adapted to generate an anplitude of the signal of at |east
about 2 nV. In this exenplary enbodi nent, the anplitude of the signal may
be at | eagt r nore.

bout.,.3 Y mv 7 mv, 9 10, nV
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[ 0154] I n anot her exenpl ary enbodi nent, the apparatus for analyzing a sanple
conpri ses system hardware operatively adapted to generate a signal fromtwo
or nore d&Deotiors34sn a |iquid chromat ography system thecsiuseah/oasapri si ng
a detection response conponent fromone or nore detectors; and a fraction
col l ector operatively adapted to collect a new sanple fraction in response
to a change in the signal; wherein the two or nore detectors conprises
mul ti pl e detectors having different dynam c ranges. In this exenplary

enbod! Menorpdf'e deURE! e oY i bHARHRRLRA ifBe I RARRAEYEDIYS

det ectors. exanple, the at st one detector e sel ect
| east one(lBY @t@pef@t geparate cempouRite véthip ér gwmesam@m Sependng nen dee ect or

(ELSD).  abaribdal sQB™3Ros096! OIRIE! B phdcdseaol OffE FROMEBNABLON

nucl eat i t 'scatterin et ector [ east one ' corona
det ect or, ccmd;tlogag{e gori%ed@’f@@fwle@’t Bmeﬁaﬁb@é@ed)r (RID), at |east one

fluoresc det ectrop, 450 %?b Séidhs %‘aéfngé]'ds@h ﬂ%fg&@ofe @P)ﬁnn@r’i hgast one

el ectroch nlcal detector (ED) any c Ination t reo anot her
exenpl ar yg@sesadi anynpolyires @rmmtxﬁgamr@seét peteal sphese, iraueraed phase; por
det ect or s, kiRl Sm or
exanpl o, ST ar TG HRBEAC ipracht o KN ol RIOR “mp2t ot and
exenpl ar ysiggrb@giusian colusens waasorberdiseddédt dae opresemty inveotienle REMP@ENe

det ect or so pfinb l@&rg éJaﬁétﬂthgLn}afB ﬁﬁé,“h}odr%é%'ﬂvaﬁ%%ﬂf B R ﬁccﬂ@rﬁﬁ@%vaﬁébq

for exarrp‘f ast one tector w erent nam Cc
ranges. | froran Gagem EJawwrerD@Q@fepy abgiepggsodindent thet lrede woames rrW@A&‘et ectors

may i ncl UQﬁA@fEFi% ?ﬁ:\\ﬁsﬁ@r TAYLTRAT OUIdIBRZ ONGRAE WETM erent

dynam c rang I exa LSD with miltip t sour ces
havi ng diEY RES pafwleENéhb es wallaawrméafmmmmea mul tiple row cells

havi ng di nt pat 4 5366
[ 0155] A n[&ﬁnge]e of ?oﬁ%@%?gpﬁ’?bg‘%ghﬁgg e %an%g%éél%ysgﬁa{%gger use%?‘ége(])liiz

appar at usinggntione Syudigblgt mobiemhase a@ﬂmmsmiuctﬁalbm ag. nohiiotad olgr aphy
Col unms to u b i ar at us
of the pE%%eg(%%ﬁllynvlgnt ?Hg%ﬁa@%% ?téelggé/ngr(?gér%l gﬁ‘%d@gva?fﬁ%ﬁ cﬂrgnget@é}lfoa hy
col umms i tetraidbofuman, chlerofesm, |heﬁameadmethan@hrz@@ﬁi@mdraiwl,cwat@nngthav@h | abI e

fromGa ] ences (Deerfield, IL) under the trade
desi gnat F@n@%é@%%g @%{)‘\5 %SRA%%I)QESO_VTM VYDAC(r) and DAVISIL(r). B.
Detectors [0157] Any known detector may be used in the apparatus of the

present F. User Interface Steps

[0126] The methods of analyzing a sample in the present invention may
further comprise one or more steps in which an operator or user interfaces with one
or more system components of a liquid chromatography system. For example, the
methods of analyzing a sample may comprise one or more of the following steps:
inputting a sample into the liquid chromatography system for testing; adjusting one
or more settings (e.g., flow or pressure settings, wavelengths, etc.) of one or more
components within the system; programming at least one detector to generate a
signal based on a desired mathematical algorithm that takes into account one or
more detector responses from one or more sensors and/or detectors; programming
one or more system components (other than a detector) to generate a signal based
on a desired mathematical algorithm that takes into account one or more detector
responses; programming a fraction collector to recognize a signal (e.g., a single or
composite signal) from at least one detector, and collect one or more sample
fractions based on a received signal; programming one or more system components
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I nvention. Suitable comercially avail able detectors include, but are not
limted to, UV detectors available from Ccean Optics (Dunedin, FL) under

t he tradewdesigreisson USB 2000TM evaporative |ight scarCenispg16aile€t or s
(ELSDs) avail able from G ace Davi son Di scovery Sciences (Deerfield, IL)
under the trade designation 3300 ELSDTM nmass spectroneters (Mss) avail abl e
fromWaters Corporation (MIford, MA) under the trade designation ZQTM
condensati on nucleation |light scattering detectors (CNLSDs) avail able from

¢ (B aine. A - - et
dot ect or s 1 RBaR e, AR, CMpolch 8creaaua ahickyfhy SERET 1o o st bg har o
desi gnat i deteCORORAVENIENNCeringzsigrial mté adigoabiscegnizaye @R psgceasiald b e from
Wat Co ] - : ' i ; d
11 or escenagiof (cBEhES it BhottiLEIckier i ERE o fBfd Wil &ndEitmi ¢ 1
under t hefractiooe bdegd gnanpus FOULIMRAPECRTIANE [SPIEB] sanpmesiss RadgLtivajing or

mbodi : i ' d to ified
o ogr amedcastPFRTIRE Bt Rl squeh! Aok 47 aTBE VARES A bifig BREh 400 O
one or noshwtis valke oalsodetediegcati dddsirast Woe ostie pespense e spmesether agtiviint i on.

C. Splitt : : | tter [t

appar at us‘%@}"ﬁ)’tE Iﬂéé)ﬁ%"ﬁlgic gﬁdt'ﬁ%}ﬁ%%ﬁﬁ wgﬁtgléuﬁ%f@b? Q H{?gmgﬁs}éﬁ\%{épggﬁ?
splitter prarptorongsarde, but are not linmted to, splitter punps avail able
fromKNF (Trenton, NJ) under the trade designation LIQU D M CROTM D.
Shuttl e Val ves [0160] Any known shuttle val ve nmay be used in the apparatus
of the pr#sentAgaavaing fgmnadmngabirepiesnmercial |y avail able shuttle val ves

(roust on, [BHSTF L ger e B duieion Wibkb BnePlalilh BAANE i Boite, |

val ve avatdrapirents capabtiesd aDaiyzingaa samplerdeapatie of centsbuingdo MRAGR3lysisd a

cont i nuougs I LawtSRtA dheVdH nirei 1 365VeRRE AEEPBthod steps.
[0128] As described above, in some exemplary embodiments of the present
invention, an apparatus for analyzing a sample may comprise (i} a chromatography
column; (ii) a tee having a first inlet, a first outlet and a second outlet; (iii) a fraction
collector in fluid communication with the first outlet of the tee; (iv) a first detector in
fluid communication with the second outlet of the tee; and (v) a splitter pump
positioned in fluid communication with the second outlet of the tee and the first
detector with the splitter pump being operatively adapted to actively control fluid flow
to the first detector. In other exemplary embodiments of the present invention, a
shuttle valve may be used in place of a tee/splitter pump combination to actively
control fluid flow 1o the first detector.
[0129] Although not shown in FIGS. 1-9, any of the above-described
apparatus (e.g., exemplary liquid chromatography systems 10 to 90) or apparatus
components may further comprise system hardware that enables (i} the recognition
of a detector response value or a change in a detector response value, (i) the
generation of a single from the detector response value or a change in a detector
response value, (iii} the sending of a signal to one or more system components, (iv)
the recognition of a generated signal by a receiving component, (v) processing of the
recognized signal within the receiving component, and (vi) the initiation of a process
step of the receiving component in response to the recognized signal.
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E. Fraction Collectors [0161] Any known fraction collector may be used in
the apparatus of the present invention. Suitable comercially avail able
fracti on wol2baee348 i ncl ude, but are not limted to, fra&cwiuspoicoBize€t ors
avai lable from G lson (Mddleton, W) under the trade designation 215.
[0162] I n sonme exenplary enbodi nents, a commercially available fraction
collector may need to be nodified and/or progranmed or a specific fraction
collector may need to be built in order to performone or nore of the

above- desgcri,hbed ne S.,.of &he fr |nven a

fraction @a?@ectori#%ﬂs x%ﬁl?’%}ﬁe %%? Qbeaﬁp%%fa %S @&b%’ﬁ?@é leéodjéq ve and
process oc::‘r&o?atdgpgaimyssymhb ﬁmrm{ma)t ot aaﬁ\tlemaﬁpaia’.ttscmlmpormmdnﬁy fueibier one Flr
nore sa e [actl ase n ne r re, sl gna are.n CO rclia
Toar | ool Redphrlsp ey sfHtR naRfiite At clBnReS fist AREi] 188 ot shuelhn Senc | on
is furthep @Isplm@r @drripoorea emnmeltvew? rt@wabﬂa\atémréi spﬂtbapmmg o shuidd vﬁh@r eon
corrput er cut.a e.instructions 0 one or nore e

S bove: ootk SRR d SusEuARS of ShuiEivaRley W eBftae bnd BE St TN ki um ey
have stor@dsgdrersemngsoﬁmetwhttmm ab:trmtnlmﬁetlve;@trl|o)1a1¢mmb|aaijamsdfi ing one or
nore sett

"ngs £.0. settln wavel en one
conponont U SRR flew ol Ao uE SR Gl PR Oh 2 aS R B
nmat hemat i whle pdgiton, 1(|hmptlﬂratpmr&i:kersshu‘hﬂe)vawpwskuz@nﬁn alir pressurded a@h%
responses cogni z rom at |east one detector; collecting one
or nore sdarr{'B'ﬁén?P%@h”gHg” Bg&g (’5{1 a received signal; recognizing an
i nconi ng [erigh]al frm%elmmplm@ndﬁdeneme acsrpnw@rrmum;b Ineayi h@:cp:mmﬂgn@d gnal
into a si reco n|z le a rocessi.bl e ction colle o t hat
the. 1 actTORCROR 86 810 Porsoeebsr L dok SttPIey BFe PCRR & PPRLSYS
based on tdpbén tdeom2 hh@fmeletyctmlsanﬂ@t n mcvmrm@hﬁalarﬁ@dub@@tmmlaﬂg or
deactlvatln one or nore s stem CB onent s é % a tee val ve, sglltter
punp, Hﬁtt fptecton pay b@rp sifinadc g&ﬂ eataa{e Afd: the Pﬁ’lﬁﬁﬁ’rd’r“”?%(?e@sﬁ hse to
sone ot hegxanfilé, \ﬂrét)de’fédtdﬂ* 13 ﬁdbﬁudn@@tﬂeﬂmeﬁéﬂt@@rﬁmﬁd@d@nﬁe@mﬁﬁm (EFIG. 2).2
detector res onse) pl i capons/ de
[0132] In othe exemplary embodiments, the apparatus of the present
invention comprise (i) a chromatography column; (i) two or more detectors; and (iii)
a fraction collector in fluid communication with the two or more detectors with the
fraction collector being operatively adapted to collect one or more sample fractions
in response to one or more detector signals from the two or more detectors. In
some exemplary embodiments, the two or more detectors comprise two or more
non-destructive detectors (e.g., two or more UV detectors) with no destructive
detectors (e.g., mass spectrometer) in the system.
[0133] When two or more detectors are preseni, a splitter pump or shuttle
valve may be used to split a volume of fluid flow between a first detector and a
second detector. In other exemplary embodiments, a splitter pump or shuttle valve
may be used to initiate or stop fluid flow to one detector in response 1o a detector
response from another detector. In addition, multiple splitter pumps and/or shuttle
valves may be used in a given system to actively conirol fluid flow to two or more
detectors.
[0134] As discussed above, the apparatus may further comprise system
hardware that enables generation of a detector signal from one or more detector
responses. In one exemplary embodiment, the apparatus comprises system
hardware that enables generation of a detector signal that is generated in response
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[ 0164] The above-descri bed net hods, apparatus and conputer software may be
used to detect the presence of one or nore conpounds in a variety of

sanpl es. Wheonb@vasdescri bed net hods, apparatus and conparars2éiofisises e fi nd
applicability in any industry that utilizes liquid chromatography
including, but not limted to, the petrol eumindustry, the pharnaceutical

i ndustry, analytical |abs, etc. EXAMPLES [0165] The present invention is
further illustrated by the foll ow ng exanples, which are not to be

construedig (i (p tﬁ@%idﬁ@hf%sdetém&sﬂeggoﬂéer@st a&hirefion BPRfe (e, PedRA dehedtRafof On the
contrary, is to be cl ear y understood that resort may be had to various

ot her exeﬁpﬂ'@i?@}%ﬁ?ﬁﬂﬁ’i"ﬁ%)mt D anefenoeciat iengoreutt tBedaiesten{aSPORE @St awhi ch,

after reaglinggort bfatnﬂesrpél Hel StoR8 oetitativeedf ti@é’ﬂ@@%ior%%@éw@ﬁ) dfiohhBmse
skilled in the art wi t hout departi ngbfromthe spirit present

i nvent i on@ &AWgpkRld Fﬁ&e%dﬁ%o%ﬁet"ﬁ@ea BN Ol loneté'Mﬂ (é”)ﬁ‘” hapBB8Y I n this
exanpl e, taRbiAbfidrRy €dthpidims Bt i@ag’lo(njeér%rléﬁ?%asm{@gﬁt%ﬁﬁrm%e@ﬁab!y

(REVELERS(r) systens available fromGace vi son Di sc overé)nScr ences). The

first (co ?5P9W85'S%%/@We?ﬁ5(5 wr@ﬁ{ W‘%ﬂf\ﬁé‘épéaml%ﬁaf&ﬂ filtring Bhs QE?.T‘E@*I( r)
ELSD wi t hjig chamgd/ in"ﬁ@rﬁe détashhbtédﬁ%nﬁ? \éethYléstl"lBldad@Q&omesFQﬁﬁ véjhé’rmds v?”

150 nms dispense and refjll time, and an UV detector w
cel |. Thea@é%ﬂa'”gw @fnﬁ')(t%y)s?‘é@rht@%t%@%*"‘@bil?ﬁ;?&@@f fnangegdn Al slepedeld ELSD
with a 4. @1? @Mﬂrg@Wst&@é’aaﬂaahir)%ﬁtrbﬂaﬂﬂ\/‘adm&daééiéctﬁ’f %Hﬁﬁ@ valiis, or (i d(vg e

shuttle valve wth a Lrotor dinpl e and a 250 ns di spense an
refill trﬁ@’c‘%iﬂ'éfnﬁﬁlpr@f rﬁoéﬂb)t [¥8 p@?ﬁ'@'@t@éﬁedr‘ agiyen ‘éﬁtﬁc"ﬁrﬁe@@o'ﬁeow cell. Both

systens afasspnfi gy Qﬂulﬁfdeﬁét@dms*ﬁerﬁb%yéiém BafEvad rﬁQJr HidPBe usafho

cont ai ni ng frve di fferent natura pro ucts i.e. caftei ne, ernodi ne,

| i poi ¢ ac®tfble b6 egdneiation, af foCOMPORKS %W‘SW AefYRPEIRN 6ESPOYSRat ur al
product agshmeshtinigrdnt dagh adetéfomiasy @byt @ét@ctfdrﬂﬁé@;p@ﬁ% @brnﬁébﬁéhte(?ro%ﬁ)o .

mark with 20/ 80 net hanal /water m xture. For each s npl e nat ur al product,

1 nL was MHjliete gensnss Mtnip § giverh dgiqater- sit itfhege rrﬁnaplermer@b@mee Redee v C18

flash col geerk %ddvé‘ﬂé' B éﬁ&ﬂr@fﬁ@apﬁ@bﬂt&%r@ 8 CvahandsibeAICSa frathbgh was
nmounted in the flash e phase was punped t hrqough the system

under thecql'SProasmSHacfgraa@PgW'%ﬁfelleﬁ%ﬁ%00'6\9&@ H?Wéamm%tfa@tmnée FOSPAR0ERs t he
amount oftoBt BaiRle (IS thNCHRPOSIEL Wiyriad 6Pf6 adeh hé%rerrtmxy hehthrigt $0% for

one nmnute. The colum effl uent ? directed to a shuttl e val ve t hat
di vert ed B8thematical %Qrfeé%téqne%")ﬁ(eﬁ'ﬁd’ Fodeterion regnonag Sakiey B dhe sipecefl 4m
ef fl uent gigernRefictotBekbdnseELsSR. fuﬁbﬂorber qmree(]ef thBeiref férlante ©of @wgided hrough

a UV detector to a fractjon coll ect 016/] Each s% | e of natural product
was separ RIBEIOLFESPABRR) &) @ ghgnge in the s! pe of he given detector response as a

function of time (i.e., the second derivative of the given detector response), or (iv)
any combination of (i) to (iii) from each detector. For example, the composite signal
may comprise (i) the product of detector response values for each detector at a
given time, (ii) the product of the first derivatives of the detector responses at a given
time, (iii) the product of the second derivalives of the detector responses at a given
time, or (iv) any combination of (i) to (iii).

[0136] In one desired configuration, the apparatus for analyzing a sample
comprising at least one detector operatively adapted to observe a sample at two or
more specific optical wavelengths (e.g., within the UV spectrum), and system
hardware that enables a fraction collector fo collect a new sample fraction in
response to (i) a change in a detector response at a first wavelength, (ii) a change in
a detector response at a second wavelength, or (iii) a change in a composite
response represented by detector responses at the first and second wavelengths.
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GRACERESCLVTM C18 fl ash colums. The results shown in FIG 11 denonstrate
that the System A ELSD does not detect any natural product in the sanple
except fowoenndi4nas while the System B ELSD detects al | pofi/ush@miosBkanpl e 2
[0168]1n this exanple, SystemB is nodified to include a 7.5 mW| aser
(avail able from M dwest Laser Products, Inc.) in the ALLTECH(r) ELSD
("System C'), and also a 10 nW| aser (available from M dwest Laser
Products, Inc.) in the ALLTECH(r) ELSD ("System D'). The sane separation

process i ' f | he
oot ts shacihOPteelor o et SRR Srhey VeI Bt SRl St ey SRRl of 12
response Muipteowayglergtns. mesrtbemeasgh detesimysarhe B BUSmalled fgfationshgywitlem D

ELSD di spqy én&hél’?sfrlﬁ)@@r?ﬁ\;v%%n% I ABfhet iso &éé}ﬁbiﬁiﬁfrﬁ@ &rﬁe‘?@gd%é?ﬁ?l e 3

[0169] I n this exanple, e performance of stem A'1s conpare System
D. The sa#eieel@ffarati on process is conducted as in Exanple 1 for only the

caffei ne fe. The GigSilskd SRREn ]jﬂ %n@a&eﬁnééarpeérﬂ%c?ﬁm{@ﬁ{e]stg%2%@%%&9%} he

System D ELSD di splays a response forty ti hat o SD,
and the Speyeampriss/aganoledeieciar spnasng nsesun operalively pdertet iaobedrve he

System A INAASEESE H specttPbptichl RERRURSHsSYGHE A portion of or the entire UV
absorbance spectrum (or any other portion of the absorbance spectrum using some
other type of detector), and system hardware that enables a fraction collector to
collect a new sample fraction in response to (i) a change in any one of the n detector
responses at the n specific optical wavelengths, or (i) a change in a composite
response represented by the n detecior responses.

[0138] When a splitter pump or shuttle valve is present to actively control fluid
flow to at least one detector, the apparatus for analyzing a sample may further
comprise system hardware that enables generation of an activation signal to the
splitter pump or shuttle valve to (i) activate the splitter pump or shuttle valve, (i)
deactivate the splitter pump or shuitle valve, (iii) change one or more flow or
pressure settings of the splitter pump or shuitle valve, or (iv) any combination of (i) to
(iii). The activation signal may be generated, for example, by a system operator or
by a system component, such as a detector (i.e., the activation signal being
generated and sent by the detector in response to a detector response value or
change in a detector response value of the detector as discussed above).

[0139] In an even further exemplary embodiment according to the present
invention, an apparatus for analyzing a sample of fluid using chromatography
includes a first fluid path of effluent from a chromatography column or cartridge; at
least one detector that is capable of analyzing the sample of fluid; and a shuitle
valve that transfers an aliqguot sample of fluid from the first fluid path o the
detector(s) without substantially affecting the flow properties of fluid through the first
fluid path. The flow of the fluid through the first fluid path may be substantially
laminar, due to the first fluid path or channel being substantially linear or straight
through at least a portion of the valve. In a further exemplary embodiment, the
pressure of the fluid through the first fluid path remains substantially constant and/or
it does not substantially increase. In another exemplary embodiment, the flow rate
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System D ELSD (nmV) 0.65 26.0 UV Detector (au) 280 nm0.08 0.31 [0170]Wiile
the invention has been described with a limted nunber of exenplary

enbodi mrerwe,20tihi@s®sspeci fi ¢ exenpl ary enbodi mnents are neCTiust@nmaidéé o |imt
the scope of the invention as otherw se described and clainmed herein. It
may be evident to those of ordinary skill in the art upon review of the
exenpl ary enbodi nents herein that further nodifications, equivalents, and
variations are possi bl e. AII parts and percentages in the exanples, as well

ggs)eizlnf |t 230{ ﬁ%a ayn nge o'fal %Cc%ét%gt rt@@lﬁglgyth}é\e w?ﬂilufﬂnégl Ti cé?ig \rllvI 3?
cl ai s, smltﬂrlnawetmmma;preemmmw a speortd ftuid aatrslemtlhﬁedno@}aeryttlneal;qumlh| ts of
rerart ySTRE Mot Slys ke Re R RAFMaTER 1obyrRRAREEn Bs,
nunber f asddong fid hpath sweph beasudpstantialyt leoningr dog teuthsesecohd rflub @ath wi t hi n

Y. ANGE AP S o S ABhPor ISR FlouBn B alod AgERBIEflea | over

limt, al T r?gvmthm
t he rangelnian sp@nplér}cambgdlmeatltbee(bssme plaftutid d:hubagh thehsedoat Ifloid pajhnsinber s R

within the,r X i L, I re kis
Vo 1 ab SOEREBIPESSIAS Shulot Mg hoP Sustiiannerie Nt Bxpmple 5o
3% 4% 5émbodimehf)%he Badora®asiciiuid ma9 besubetntisifLGonsBI tHHeYgh the sEOORd
Mor eover,f&ﬁgégmurrerl cal range represent ed by any two values of R as

cal cul at vé is also specifically disclosed. Any nodifications of the
i nvent i onf0140] addi in en even tflvthss efxlampiamlemb@dmntbmd ahmratus fonahalydeg one

Dbt o L, AL by o IR SNy

scope of ¢H13mam@mpmrdccmhranna.seebmd fpluiol pathtthaincardes e bamplenofatued io at

I ncor por aﬂég& one detector that is capable of analyzing the sample; and a shuttle valve that
transfers an aliquot sample of fluid from the first fluid path to the second fluid path
while maintaining a continuous second fluid path through the shuttie valve. In one
exemplary embodiment, a continuous first flow path through the shuttle valve is
maintained when the aliquot sample of fluid is removed from the first fluid path. In
another exemplary embodiment, continuous first and second flow paths through the
shuttle valve are maintained when the aliquot sample of fluid is removed from the
first fluid path and transferred to the second fluid path.
[0141] In exemplary embodiments of the present invention, the apparatus for
analyzing a sample further comprises a fraction collector that is operatively adapted
to collect one or more sample fractions in response 10 one or more detector signals
from (i) a first detector, (ii) a second detector (or any number of additional detectors),
or (i} both the first and second detectors (or any number of additional detectors).
When multiple deteclors are utilized, the apparatus may comprise a fraction collector
operatively adapted to collect a new sample fraction in response to a change in a
composite signal that accounts for one or more detector responses from each
detector as described above.
[0142] As discussed above, in some exemplary embodiments, the apparatus
for analyzing a sample comprises a fraction collector that is operatively adapted to
recognize, receive and process one or more signals from at least one detector, and
collect one or more sample fractions based on the one or more signals. In other
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by reference in their entirety. WHAT IS CLAIMED IS: 1. A nethod of

anal yzing a sanple, said nethod conprising the step of: (a)

gener at i nyoa0sl/gns from one or nore detectors in a |iqeca/ushelomsisegr aphy
system the signal conprising a detection response conponent from at | east
one detector; and (b) collecting a new sanple fraction in a fraction
collector in response to a change in the signal; wherein anplitude of the
signal is nodified by the liquid chromatography system 2. The method of

di gitai | nad ediBhe Hstarlarctle 1ot BRRzrks FRANE BfheRleadfionl &,

i s nodi fi eempytet hantgragrocessinghequipmenhihas isgeapablesdhproaessingpome ot mefre t he

chromat oggaRAY 1745 48 Bast one detector and converting an incoming signal into a signal
that is recognizable by the fraction collector. In this later exemplary embodiment,
the fraction collector collects one or more sample fractions based on the one or
maore signals from the additional computer or microprocessing equipment, not from
signal processing components of the fraction collector.
[0143] [t should be noted that any of the above-described exemplary liquid
chromatography systems may comprise any number of detectors, splitter pumps,
tees, and shuitle valves, which may be strategically placed within a given system to
provide one or more system properties. For example, although not shown in
exemplary liquid chromatography system 60 in FIG. 6, an additional detector could
be positioned between column 11 and shuttle vaive 151 and/or between shuttle
valve 151 and detector 161. Although not shown in exemplary liquid
chromatography system 70 in FIG. 7, an additional detector could be positioned
between column 11 and shuttle valve 151 and/or between shuttle valve 151 and
shuttle valve 171 and/or between shuttle valve 171 and fraction collector 14.
Additional detectors may be similarly positioned within exemplary liquid
chromatography systems 80 and 90 shown in FIGS. 8 and 9 respectively,
[0144] In exemplary embodiments of the present invention, an apparatus for
analyzing a sample includes system hardware operatively adapted to generate a
signal from one or more detectors in a liquid chromatography system, the signal
comprising a detection response component from one or more detectors; and a
fraction collector operatively adapted to collect a new sample fraction in response to
a change in the signal; wherein the liquid chromatography system is operatively
adapted to modify the amplitude of the signal. In some exemplary embodiments, the
amplitude of the signal is modified by electronic or digital, optical, mechanical or
fluidic means.
[0145] In an exemplary embodiment where the amplitude of the signal is
modified by electronic or digital means, such modification may be performed by a
component of the chromatography system being operatively adapted to change the
gain of the signal. The gain may be changed using computer software or a
computer readable medium, which is programmed to adjust the signal level by
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4. The nethod of Caim1l, wherein the anplitude of the signal is nodified by
conputer software or a conputer readable nedium 5.The nethod of Cdaim1l
wher ei n twe 2anpl4d34ade of the signal is nodified by opti ealr/use@n®3s366 The

met hod of Claim1l1, wherein the anplitude of the signal is nodified by a

| ight source in the one or nore of the detectors of the chromatography
system 7.The nethod of Claim1, wherein the anplitude of the signal is
nodi fied by using a different |ight source in each of the one or nDre of

the det e%%iﬁenﬁaucghﬁ?%mmmgeaams%uﬁg:gea ifin T*T'ﬁe rﬁ]ﬁé@%ﬁf bl Hal

wherein the anplitu the si I's angi the| ten5|ty
of a |ightlesiserrealyiby ahgadivadhee @@CcWOCteﬁémQéﬁ é@t@g%a'dw E!"I«?@Q:‘Pfrdi@i’fﬁ ogr aphy

System  means, for example, changing the type or settings for an operational amplifier.
[01486] In an exemplary embodiment where the amplitude of the signal is
modified by optical means, such modification may be performed by a light source in
the one or more of the detectors of the chromatography system. In one exemplary
embodiment, the amplitude of the signal may be modified by the chromatography
system being operatively adapted to use a different light source in each of the one or
more of the detectors. In another exemplary embodiment, the amplitude of the
signal may be modified by the chromatography system being operatively adapted to
vary the intensity of a light source in the one or more of the detectors. In a further
exemplary embodiment, the amplitude of the signal may be modified by the
chromatography system being operatively adapted to use multiple light sources in
each of the one or more of the detectors. For example, in the case of an
evaporative light scattering detector, increasing the power of the light source
increases the amount of light scattered by the sample particles as they pass through
the detector. The increase in scattered light increases the amplitude of the signal.
[0147] In an exemplary embodiment where the amplitude of the signal is
modified by fluidic means, such modification may be performed by the
chromatography system being operatively adapted to vary the amount of sample
transferred to the one or more of the detectors. In another exemplary embodiment,
the amplitude of the signal may be modified by the chromatography system being
operatively adapted to vary the amount of sample transferred to the one or more of
the detectors by changing the flow rate of the sample through the fluid transfer
device. In a further exemplary embodiment, the amplitude of the signal may be
modified by the chromatography system being operatively adapted to vary the
amount of sample transferred to the one or more of the detectors by changing the
flow path of the sample through the fluid transfer device. In another exemplary
embodiment, the amplitude of the signal may be modified by the chromatography
system being operatively adapied to vary the amount of sample transferred to the
one or more of the detectors by using muitiple fluid transfer devices. In an even
further exemplary embodiment, the amplitude of the signal may be modified by the
chromatography system being operatively adapted to vary the amount of sample
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WO 2011/ 140345PCT/ US2011/ 035366 9. The nethod of Claim1, wherein the
anplitude of the signal is nodified by using nmultiple light sources in each
of the omnwoanivmpiasof the detectors of the chronatograprgTasstienss3cd0. The
met hod of Claim1l, wherein the anplitude of the signal is nodified by
fluidic neans. 11. The nethod of Caim1, wherein the anplitude of the
signal is nodified by changi ng the anount of sanple transferred to the one
or nore of the detectors of the chronat ography system 12. The nethod of

Claim 1. FaisHbRsq S6TRE | Glee; harbast ieelunckRns 1) LG ihlopiibnbbatte @yqt | cast

one detec I'n the uid chronmat ograp m Vi
devi ce poﬁaﬂaf@n@@lmmwmnﬁmﬁr&@mmn@‘éler @ﬁemptamy Bﬁ@odtm&?réaﬁfle ynplitdee ett or .

%3 The ngEhednaf {2l Fouifttdehs flet BioRERIGrAMAR sPltemn BefigIBGErativery0di f i ed
adapted to vary the amount of sample transferred to the one or more of the
detectors by changing operating conditions of the fluid transfer device. In a further
exemplary embodiment, the amplitude of the signal may be modified by the
chromatography system being operatively adapted to vary the amount of sample
transferred to the one or more of the detectors by changing the shape or size of one
or more components of the fluid transfer device. In an exemplary embodiment
where a shuttle valve is used as the fluid transfer device, the shape or size of at
least one shuttle valve rotor or stator, the shape or size of at least one stator or rotor
chamber (e.g. the sample aliquot volume transfer chamber or dimple) or channel, or
combinations thereof. In an even further exemplary embodiment, the amplitude of
the signal may be modified by the chromatography system being operatively
adapted to vary the amount of sample transferred to the one or more of the
detectors by changing the shape or size of at least one component of one or more
splitter components, shuttle valve components, or pump components, or
combinations thereof. All of these modifications increase the amount of sample
reaching the detector, which in turn increases the amplitude of the signal. For
example, in an evaporative light scattering detector, increasing the amount of
sample increases the number of sample particles reaching the detector optics. This
in turn increases the amount of scattered light, increasing the signal amplitude.
[0148]In an exemplary embodiment where the amplitude of the signal is modified
mechanically, such modification may be performed by changing the detector design.
In one exemplary embodiment, the amplitude of the signal may be modified by the
chromatography system being operatively adapted to use multiple detectors having
different components for each of the one or more detectors. In another exemplary
embodiment, the amplitude of the signal may be modified by the chromatography
system being operatively adapted to use interchangeable detectors, or their
components, for each of the one or more detectors. For example, a system might
incorporate two evaporative light scattering detectors each with a different power
light source. The detector with the higher intensity light source will generate the high
amplitude signal relative to the detector wit the lower power light source.
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changi ng the amount of sanple transferred to the one or nore of the
detectors of the chromatography system conprising changing the flow rate of
t he sanplwothriododsst he fluid transfer device. 14. The merhusdoiofd3Bsai m 12,
wherein the anplitude of the signal is nodified by changi ng the anmount of
sanple transferred to the one or nore of the detectors of the

chr omat ogr aphy system conpri sing changing the flow path of the sanple
through the fluid transfer device. 15. The nmethod of Claim 12, wherein the
anpl i t ude[0d#9] he silgaabthies exampliyeembydimieat) dgine gmipliteda b thd sighalsaapbe

ot pRaL Y gAY Bl BB ot PBeB SR oo o
C ai m 12, detbetoei rFor fexampid, it weeeapotaiiee dighh atatiesingutditddtad ldygercpatigesg t he
o o R My DRSSP RS et S RIS il
devi ce cocgonesksthe skmpldisignaet MbdsefpabicksrarkZprodbesceahtienaetutipb tnde of
P I T o S R R
changi ng ogeiiati iyidc doeirtieptiee oébulizer fduid ty/pie; dveshebulidevdestgn oA fpe ik net hod
R T I R A
chr omat ogeanekptrisyisdheilizere may Sengedhangjenpattiviessberter onorsilight, dficradsihgast one
corrponentthgfsién%? aHp'ﬁ{.u%e.t 5 %SfLFtﬁerdeexvein?p‘?ary embodiment, a higher amplitude signal

is generated by removing the small sample particles from the aerosol stream so that

only the larger particles reach the detector. The smaller particles may contribute to

background noise that interferes with the signal generated by the larger particles.

Removing these smaller particles increases the amplitude of the signal. Impactors

of various types and designs known in the art may be used to selectively remove the

smaller particles before they reach the detector. Flat plate impactor, screen

impactors, spherical impactors, elbow impactors, three dimensional impactors, or

other non-linear flow structure impactors, or combinations thereof may be used. In

another exemplary embodiment, the size of the particles may be modified by

changing the evaporation characteristics. For example, changing the temperature in

one or more of the aerosol zones (nebulizer, drift tube, optics block, exhaust block)

may bias sample particles to a larger size increasing signal amplitude.

[0150] In an exemplary embodiment, the apparatus for analyzing a sample

comprises system hardware operatively adapted to generate a signal from one or

more detectors in a liquid chromatography system, the signal comprising a detection

response component from one or more detectors; and a fraction collector operatively

adapted to collect a new sample fraction in response to a change in the signal;

wherein the liquid chromatography system is operatively adapted to generate an

amplitude of the signal of at least about 2 mV. In this exemplary embodiment, the

amplitude of the signal may be at least about 3 mV, 4 mV, 5 mV, 6 mV, 7 mV, 8 mV,

9 mV, 10 mV, or more.

[0151] In a further exemplary embodiment, the apparatus for analyzing a

sample comprises system hardware operatively adapted to generate a signal from
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19. The nmethod of Caim 12, wherein the fluid transfer device conprises a
shuttle valve, a splitter, or a punp. 20. The nethod of Caim19, wherein
t he anpl iwodeliofo034ie signal is nodified by changi ng thepramusae110853s@npl e
transferred to the one or nore of the detectors of the chromatography
system conpri si ng changi ng the shape or size of one or nore splitter
conponents, shuttle valve conponents, or punp conponents. 21. The nethod
of Claim19, wherein the anplitude of the signal is nodified by changi ng

the amounpn®or $idFe! detddtéRShe iqifd Eﬁr&ﬁ‘ﬁo%r%?rﬁyg%gﬁgﬁqet@ S'g ze&ﬁ? § of the

chr omat ogr aphy system conpri si ng changin e or east one
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1, wherein the I't or design.
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sanpl e that reaches e one“or nore o et ect of "'t he chr omat ogr aphy

system exemplary embodiment, the detector(s) may include destructive and non-destructive
detectors. For example, the detector(s) may include at least one UV detector, at
least one evaporative light scattering detector (ELSD), at ieast one mass
spectrometer (MS), at least one condensation nucleation light scattering detector
(CNLSD), at least one corona discharge detector, at least one refractive index
detector (RID), at least one fluorescence detector (FD), at least one chiral detector
(CD), at least one electrochemical detector (ED), or any combination thereof.
[0152] In another exemplary embodiment, the apparatus for analyzing a
sample comprises system hardware operatively adapted to generate a signal from
one or more detectors in a liquid chromatography system, the signal comprising a
detection response component from one or more detectors; and a fraction collector
operatively adapted to collect a new sample fraction in response to a change in the
signal; wherein the liquid chromatography system is operatively adapted to generate
the signal from at least about 30 ul/min. of sample provided to the one or more
detectors. In this exemplary embodiment, the sample provided to the one or more
detectors may be at least about 40 uL/min up to about 500 uL/min, or any integer or
fraction thereof in this range. For example, the sample provided to the one or more
detectors may be at least 50 ul/min, 60 ulL/min, 70 ul/min, 80 uL/min, 90 ul/min,
100 uL/min, or greater. The sample may be provided to the one or more detectors
in the liquid chromatography system via a fluid transfer device positioned in fluid
communication with the at least one detector. The fluid transfer device may include
a shuttle valve, a splitter, a pump, or the like.
[0153] In a further exemplary embodiment, the apparatus for analyzing a
sample comprises system hardware operatively adapted to generate a signal from
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26. The nmethod of C aim 25, wherein the detector conprises an EPD and the
physi cal properties are changed by increasing size of sanple particles,
decr easi nyorroanhan346f smal | sanpl e particles, or conbi narcons2ethessed . 27.
The nethod of C aim 25, wherein the detector conprises an EPD and the
physi cal properties are changed by use of at |east one different inpactor;
different drift tube; different nebulizer gas flow, nebulizer gas type,
nebul i zer gas tenperature; different inlet, drift tube, optics, or exhaust

Lemper ol s o o IR RIS AT FRfratodBon BB 1Rk BlaiChdReds 4 wher ol n

t he detec nprises an ropertl s are’c ed by
use of at ddateatg:tn @sponie ¢amportent fratm meaDemonepdeteotors sdege fractinpaciliector
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non- | i near actor
met hod of siGhalj mhereimties one thmoea*qdbtentmd@ cofmptibes ah gD iandnibei digread iby

changi ng cal S e (4s su er,
drift tubé&%rg%ar@&h & I'Igﬁ{cggg@éi%fﬁ{;retg&(?ctggb)léri&éﬂ SnwWraLais ARl
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changi ng {, ﬁb%&%(‘}@%}vt 'o?a”éﬁwl iy tﬁ? oPlird 765 nelB6: R C e %r The

nmet hod of al m-1 erein the one conpri se
evapor at i exanplghthe ssigiat svayriog ghrteeted fro(rEl 86t souvg@ of at least about 1 mW 2

2011/ 1403141%??(11%2‘9%%0@%‘%66 mW, 7 mwW, 8 mW, 9 mW, 10 mW, or more.

[0154] In another exemplary embodiment, the apparatus for analyzing a
sample comprises system hardware operatively adapted to generate a signal from
iwo or more detectors in a liquid chromatography system, the signal comprising a
detection response component from one or more detectors; and a fraction collector
operatively adapted to collect a new sample fraction in response to a change in the
signal; wherein the two or more detectors comprises multiple detectors having
different dynamic ranges. In this exemplary embodiment, the detectors may include
destructive and non-destructive detectors. For example, the at least one detector
may be selected from at least one UV detector, at least one evaporative light
scattering detector (EL.SD), at least one mass spectrometer (MS), at least one
condensation nucieation light scattering detector (CNLSD), at least one corona
discharge detector, at least one refractive index detector (RID), at least one
fluorescence detector (FD), at least one chiral detector (CD), at least one
electrochemical detector (ED), or any combination thereof. In another exemplary
embodiment, the two or more detectors may include multiple detectors of the same
type with different dynamic ranges, such as, for example, muitiple ELSDs having
different dynamic ranges. In another exemplary embodiment, the two or more
detectors may include multiple detectors of the different types with different dynamic
ranges, such as, for example, at least one ELSD and one UV detector with different
dynamic ranges. In an even further exemplary embodiment, the two or more
detectors may include at least one detector having two or more zones with different
dynamic ranges, such as, for example, an ELSD with multiple light sources having
different power levels, or a UV detector with multiple flow cells having different path
lengths, or both.
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32. The nethod of Caim1, wherein the liquid chromatography system
conprises two or nore detectors. 33. The nethod of Claiml, wherein the

| i qui d chworatiogoaphy system conprises at | east one det ecrars2&ieloassted from
at | east one UV detector, at |east one evaporative |ight scattering
detector (ELSD), at |east one mass spectroneter (M5), at |east one
condensation nucleation light scattering detector (CNLSD), at |east one
corona di scharge detector, at |east one refractive index detector (RID), at
| east one[0fBEPr esceénoembet et tanmgkdlly atailhelasdongoaentsi may bdeigedtiariné CD), at
| east one_el EC”O?HF cal .detector &1 DL ﬁ?g{téegn\x conbi nation thereof. 34. A
conput er ARRAIARS O HEHR"GRY HAVERNG O 8 PG % A ‘conput er - execut abl e

i nstructions for perform ng one or nore of the method steps recited in any
one of C ains aratus capabl e of analyzing a sanple

usi ng the net H%d (??Kﬂrg;ag) @&Fﬂ‘g 1 to 33. 36. An apparatus or

appar at us[ocleﬁponenMrgammnecmémamgtapmmd!mgn tn@ayalﬁle aéédi ysire giparateampl e

usi ng thethmat hod ,[of an gg bl " {;i\) Eaar atu or
appar at us"EoRFSRENITVER Y| &U67 SO?RWBLPE% Hga‘faéJa%Jﬁ %{H%m9 'EP@I e
usi ng t heincladpubet areastablirgitete do,ush@maid@hpmB4olumns available from Grace

Davison Discovery Sciences (Deerfield, IL) under the trade designations
GRACEPURE™, GRACERESOLV™, VYDAC® and DAVISIL®.

B, Detectors

[0157] Any known detector may be used in the apparatus of the present
invention. Suitable commercially available detectors include, but are not limited to,
UV detectors available from Ocean Optics (Dunedin, FL) under the trade designation
USB 2000™: evaporative light scattering detectors (ELSDs) available from Grace
Davison Discovery Sciences (Deerfield, IL) under the trade designation 3300
ELSD™: mass spectrometers (MSs) available from Waters Corporation {(Milford,
MA) under the trade designation ZQ™; condensation nucleation light scattering
detectors (CNLSDs) available from Quant (Blaine, MN) under the trade designation
QT-500™: corona discharge detectors (CDDs) available from ESA (Chelmsford, MA)
under the trade designation CORONA CAD™:; refractive index detectors (RIDs)
available from Waters Corporation (Milford MA) under the trade designation 2414;
and fluorescence detectors (FDs) available from Laballiance (St. Collect, PA) under
the trade designation ULTRAFLOR™,

[0158] In some exemplary embodiments, a commercially available detector
may need to be modified or programmed or a specific detector may need to be built
in order to perform one or more of the above-described method steps of the present
invention.

C. Splitter Pumps

[0159] Any known splitter pump may be used in the apparatus of the present
invention. Suitable commercially available splitter pumps include, but are not limited
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38. A nethod of analyzing a sanple, said nethod conprising the step of:

(a) generating a signal fromone or nore detectors in a liquid

chr omat ogwvapbhy/myzsem the signal conprising a detecti oRCTASPONSES36OMPONent
fromat | east one detector; and (b) collecting a new sanple fraction
in a fraction collector in response to a change in the signal; wherein the
sanple fraction is less than or equal to about 100 ng. WO

2011/ 140345PCT/ US2011/ 035366 39. The net hod of C aim 38, wherein the sanple

10 he etk s et éﬁ“ﬁﬁ%%@@%mﬁﬁﬁotgﬁ?ﬁ’@? refty B ol e TRle Xiinaflot 1O

equal to LIQUID MICRO™

D. Shuttle Valves
[0160] Any known shuttle valve may be used in the apparatus of the present
invention. Suitable commercially available shuttle valves include, but are not limited
to, shuttle valves available from Valco (Houston, TX)} under the trade designation
CHEMINERT™, Rheodyne® shuttle valve available from ldex Corporation under the
trade name MRA® and a continuous flow shuttle valve as described herein.

E. Fraction Collectors

[0161] Any known fraction collector may be used in the apparatus of the
present invention. Suitable commercially available fraction collectors include, but
are not limited to, fraction collectors available from Gilson {Middleton, WI) under the
trade designation 215.

[0162] In some exemplary embodiments, a commercially available fraction
collector may need to be modified and/or programmed or a specific fraction collector
may need to be built in order to perform one or more of the above-described method
steps of the present invention. For example, fraction collectors that are operatively
adapted to recognize, receive and process one or more signals from at least one
detector, and collect one or more sample fractions based on the one or more signals
are not commercially available at this time.

1. Computer Software

[0163] The present invention is further directed to a computer readable
medium having stored thereon computer-executable instructions for performing one
or more of the above-described method steps. For example, the computer readable
medium may have stored thereon computer-executable instructions for: adjusting
one or more settings (e.g., flow settings, wavelengths, etc.) of one or more
components within the system; generating a signal based on a desired mathematical
algorithm that takes into account one or more detector responses; recognizing a
signal from at least one detector; collecting one or more sample fractions based on a
received signal; recognizing an incoming signal from at least one detector, convert
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about 90 ng. 41. The nmethod of C aim 38, wherein the detectors conprise
destructive and non- destructive detectors. 42. The nethod of C ai m 38,
wher ei n tweo 20iguddadschr omat ogr aphy system conpri ses at | @astusesa/ogsssect or
selected fromat |east one UV detector, at |east one evaporative |ight
scattering detector (ELSD), at |east one nmass spectroneter (M5), at |east
one condensation nucleation light scattering detector (CNLSD), at |east one
corona di scharge detector, at |east one refractive index detector (RID), at
| east onethielincoreing asignal ohéd acignal (debDynizatile laed proaeseibiEhhy alfradédrecdliectof CD) , at

| east one_el ectrochen ca ector. (E Qr. an qQnbi nat i on ereof . 43. A
et nod or Saita Vi Tt SRl € abRo aolhe ohe ot arE BB R kA dBap Ber e on

(a) generapuhboa the gmal orf moma sysenoicompoeertst &od actb/ating ar deqetivdting one

chr omat ogr. aph th i.gnal conprisin det ection response_conponent
from at reaRele fistef Tonodfents . £ B WaftrGEb b & SnefRRaNEr &2  act t on
i n a fractetectogorll ®desired nineesponsaspbosea i Bamgeother abtvitgivgindd thentgriei n t he
signal is gnéioate b%/s%t %easgrg‘éi)ogt r40 uL/fn' n of sanple provided to the
one or mof EOHEtEEERBPSYSE Crife G5 "GYPBPEI'm 43, wherein the sanmple is
provided to the one or nore detectors in the liquid chromatography system
via a fl uh;i tg@]p%gﬁon%ﬁysle%e positioned in fluid conmunication with the at

| east one ‘det
[0164] The above-described methods, apparatus and computer software may

be used to detect the presence of one or more compounds in a variety of samples.
The above-described methods, apparatus and computer software find applicability in
any industry that utilizes liquid chromatography including, but not limited to, the
petroleum industry, the pharmaceutical industry, analytical labs, etc.

EXAMPLES
[0165] The present invention is further illustrated by the following examples,
which are not to be construed in any way as imposing limitations upon the scope
thereof. On the contrary, it is to be clearly understood that resort may be had to
various other exemplary embodiments, modifications, and equivalents thereof which,
after reading the description herein, may suggest themselves to those skilled in the
art without departing from the spirit of the present invention and/or the scope of the
appended claims.
Example 1

[0166] In this example, two different flash chromatography systems were
compared (REVELERIS® systems available from Grace Davison Discovery
Sciences). The first (comparative) system (“System A”) was equipped with an
ALLTECH® ELSD with a 1 mW laser, a shuttle valve with a 300 nL rotor dimple and
a 150 ms dispense and refill time, and an UV detector with 0.1 mm UV flow cell.
The second system (“System B”) was equipped with an ALLTECH® ELSD with a 4.6
mW laser (available from Midwest Laser Products, Inc.), a shuttle valve with a 600
nL rotor dimple and a 250 ms dispense and 50 ms refill time, and an Ocean Optics
UV detector with 0.1 mm UV flow cell. Both systems are configured as shown in
FIG. 3A. 5 mg/mL solutions, each containing five different natural products (i.e.,
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45. The nmethod of C aim 44, wherein the fluid transfer device conprises a
alve, a splitter, or a punp, WO 2011/140345PCT/ US2011/035366

shuttle v

46. The nmewbadiioft03d5ai m 43, wherein the signal

about 50

nmet hod of
uUm n of

anal yzi ng
generatin
system t
one detec

I S gener aPeu/usyolat3izeast

uUm n of sanple provided to the one or nore detectors. 47.The

Claim 43, wherein the signal is generated by at |east about
sanple provided to the one or nore detectors. 48. A nethod of
a sanple, said nmethod conprising the step of: (a)

Byt S SETRP collBE R BAFFLAET e Bl € FRERER 06
t ovaturainproduct and adding it to a 100 mL volumetric flask and diluted to 100 mL
mark with 20/80 methanol/water mixture. For each sample of natural product, 1 mL
was injected using a 5 mL plastic syringe intoa 4 g GRACERESOLV™ €18 flash
column (available from Grace Davison Discovery Sciences), which was mounted in
the flash Systems. A mobile phase was pumped through the system under the
following gradient conditions; over the first three minutes the amount of methanol is
increased up to 60% and subsequently held at 60% for one minute. The column
effluent was directed to a shuttle valve that diverted 36 ulL/min for System A and 72
uL/min for System B of the column effiuent to an ALLTECH® ELSD. The balance of
the effluent flowed through a UV detector to a fraction collector.

[0167] Each sample of natural product was separated on identical 4 g
GRACERESOLV™ (18 flash columns. The results shown in FIG. 11 demonstrate
that the System A ELSD does not detect any natural product in the sample except
for emodine, while the System B ELSD detects all of them.

Example 2
[0168] In this example, System B is modified to include a 7.5 mW laser

(available from Midwest Laser Products, Inc.) in the ALLTECH® ELSD (“System C"),
and also a 10 mW laser (available from Midwest Laser Products, Inc.) in the
ALLTECH® ELSD (*System D”). The same separation process is conducted as in
Example 1 for only the caffeine sample. The results shown in FIG. 12 demonstrate
that the System C ELSD displays a response two to three times that of the System B
ELSD, and the System D ELSD displays a response four times that of the System B
ELSD.

Example 3
[0169] In this example, the performance of System A is compared with

System D. The same separation process is conducted as in Example 1 for only the
caffeine sample. The resulis shown in Table 1 below demonstrate that the System
D ELSD displays a response forty times that of the System A ELSD, and the System
D UV detector displays a response two times that of the System A UV detector.
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(b) collecting a new sanple fraction in a fraction collector in response to
a change in the signal; wherein the one or nore detectors conprises an ELSD
and the swgnrall/i4g34generated froma |ight source of greatrem/ush@an/oaizeat 1 mnN
49. The nmethod of C aim 48, wherein the signal is generated froma |ight
source of greater than about 2 nmW 50. The nethod of C aim 48, wherein the
signal is generated froma light source of greater than about 5 nW 51. A
nmet hod of anal yzing a sanple, said nethod conprising the step of:

(a) generating a signal fromtwo or fgygqdetectors in a liquid

chromat ography system the signal conprising a detection response conponent

fromat |east onespdesector; and SystefrbA col | e¢ti ng aSystensBnpl e fraction
in a fragt+on ‘E‘L:S=Dc(fﬁ\7)r H—Tesponse tb’6§ 560
UV Detector (au)
280 nm 0.08 0.31
[0170] While the invention has been described with a limited number of

exemplary embodiments, these specific exemplary embodiments are not intended to
limit the scope of the invention as otherwise described and claimed herein. it may
be evident to those of ordinary skill in the art upon review of the exemplary
embodimenis herein that further modifications, equivalents, and variations are
possible. All parts and percentages in the examples, as well as in the remainder of
the specification, are by weight unless otherwise specified. Further, any range of
numbers recited in the specification or claims, such as that representing a particular
set of properties, units of measure, conditions, physical states or percentages, is
intended to literally incorporate expressly herein by reference or otherwise, any
number falling within such range, including any subset of numbers within any range
so recited. For example, whenever a numerical range with a lower limit, R., and an
upper limit Ry, is disclosed, any number R falling within the range is specifically
disclosed. In particular, the following numbers R within the range are specifically
disclosed: R = R + k(Ry -R.), where k is a variable ranging from 1% to 100% with a
1% increment, e.g., k is 1%, 2%, 3%, 4%, 5%. ... 50%, 51%, 52%. ... 95%, 96%,
97%, 98%, 99%, or 100%. Moreover, any numerical range represented by any two
values of R, as calculated above is also specifically disclosed. Any modifications of
the invention, in addition to those shown and described herein, will become apparent
to those skilled in the art from the foregoing description and accompanying
drawings. Such modifications are intended to fall within the scope of the appended
claims. All publications cited herein are incorporated

by reference in their entirety.
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change in the signal; wherein the two or nore detectors conprise nultiple
detectors having different dynam c ranges. 52. The nethod of O aim 51,
wher ei n tWe 20at@e346r s conpri se destructive and non- destPcuatSeve/ossbect or s.
WO 2011/ 140345PCT/ US2011/ 035366 53. The net hod of C aim 51, wherein the

| i qui d chromat ography system conprises at | east one detector selected from
at |l east one UV detector, at |east one evaporative light scattering
detector (ELSD), at |east one mass spectroneter (MS), at |east one

condensat { PHECeAImeD 1§ 9ht scattering detector (CNLSD), at |east one
corona di%r‘g‘e—g‘erevrm‘ at | east one refractive index detector (RID), at
| east onelf| uoh sxterttel anelvaingsr sqrmDE, said Meadlacd camierising thalstefeofect or (CD) at
| east one el e oc dgt ) @8N | n.th re

The net hod of C@ %ggli'%ﬂv\%e %E#W%Le{rﬁo 05'% rgl’)}r)e{n g?te&g rdsrgcor}rrp% s(g] rrultl |l e
det ect or sctcrbmamr@myesww. Wie Isighiaf Cemprising ya gietectionrgesonsessomitreentet hod
of d ai M H4m a%s%ﬂe HQtPeclto\“Par%r nore detectors conprise nultiple

(b)  collecting a new sample fraction in a fraction collector in response to a
change in the signal;
wherein amplitude of the signal is modified by the liquid chromatography system.

2. The method of Claim 1, wherein the amplitude of the signal is modified by
electronic or digital means.

3. The method of Ciaim 1, wherein the amplitude of the signal is modified by
changing the gain of the signal using a component of the chromatography system

4, The method of Claim 1, wherein the amplitude of the signal is modified by
computer software or a computer readable medium.

5. The method of Claim 1, wherein the amplitude of the signal is modified by
optical means.

6. The method of Claim 1, wherein the amplitude of the signal is modified by a
light source in the one or more of the detectors of the chromatography system.

7. The method of Claim 1, wherein the amplitude of the signal is modified by
using a different light source in each of the one or more of the detectors of the
chromatography system.

8. The method of Claim 1, wherein the amplitude of the signal is modified by

changing the intensity of a light source in the one or more of the detectors of the
chromatography system.
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ELSDs. 56. The nethod of C aim51, wherein the two or nore detectors
conprise nultiple detectors of the different types with different dynamc
ranges. 0.20figozyet hod of C aim 56, wherein the two or PEDS20ie083366r S
conprise at | east one ELSD and one UV detector with different dynamc
ranges. 58. The nmethod of O aim 51, wherein the two or nore detectors
conprise at | east one detector having two or nore zones with different
dynam c ranges. 59. The nethod of C aim58, wherein the at | east one

power 1 evir s e et §erElrbIng Ao itha B b ol agihd 8V
det ect or usingrmgldglealighV soeteest ior eadht hf thd b’nplar brawot éhd sletemtaragpfdhéf er ent

pat h lengéﬂ%matggjra rﬁf‘sﬁPe%” atus for analyzing a sanple, said apparatus
conpri si ng: P '

10. The method of Claim 1, wherein the amplitude of the signal is modified by
fluidic means.

11. The method of Claim 1, wherein the amplitude of the signal is modified by
changing the amount of sample transferred to the one or more of the detectors of
the chromatography system.

12.  The method of Claim 1, further comprising:

(a) actively controlling fluid flow to at least one detector in the liquid
chromatography system via a fiuid transfer device positioned in fluid communication
with the at least one detector.

13. The method of Claim 12, wherein the amplitude of the signal is modified by
changing the amount of sample transferred to the one or more of the detectors of
the chromatography system comprising changing the flow rate of the sample through
the fluid transfer device.

14.  The method of Claim 12, wherein the amplitude of the signal is modified by
changing the amount of sample transferred to the one or more of the detectors of
the chromatography system comprising changing the flow path of the sample
through the fluid transfer device.

15. The method of Claim 12, wherein the amplitude of the signal is modified by
changing the amount of sample transferred to the one or more of the detectors of
the chromatography system comprising using multiple fluid transfer devices.

16. The method of Claim 12, wherein the amplitude of the signal is modified by
changing the amount of sample transferred to the one or more of the detectors of

57



(a) system hardware operatively adapted to generate a signal from one or
nore detectors in a liquid chromatography system the signal conprising a
det ecti orwoespanrs®asconponent from one or nore detect or sPCIN$201085366

2011/ 140345PCT/ US2011/ 035366 (b)a fraction collector operatively adapted to
collect a new sanple fraction in response to a change in the signal;
wherein the |liquid chromatography systemis operatively adapted to nodify
anplitude of the signal. 62. The apparatus of Cl aim 61, wherein the

anpl i tudeof ﬁrgﬁa@ggiﬂ?nrlyéﬁy,%t%%ofdpﬁg ﬁyus%rgﬁﬁlth%refg]érf%%ﬁ di’h%th%lns{é??ig%ﬁ% d61§

The appara us o erel he Si
by a conposreponafts.t he chr omat ogr aphy system bei ng operatlvel y adapted to
change the gain of the signal. 64. The apparatus of Cl aim 61, wherein the

anplitude of the signal is nodified by
17. The method of Claim 12, wherein the amplitude of the signal is modified by

changing the amount of sample transferred to the one or more of the detectors of
the chromatography system comprising changing operating conditions of the fluid
transfer device.

18. The method of Claim 12, wherein the amplitude of the signal is modified by
changing the amount of sample transferred to the one or more of the detectors of
the chromatography system comprising changing the shape or size of at least one
component of the fluid transfer device.

19. The method of Claim 12, wherein the fluid transfer device comprises a shuttle
valve, a splitter, or a pump.

20. The method of Claim 19, wherein the amplitude of the signal is modified by
changing the amount of sample transferred to the one or more of the detectors of
the chromatography system comprising changing the shape or size of one or more
splitter components, shuttle valve components, or pump components.

21.  The method of Claim 19, wherein the amplitude of the signal is modified by
changing the amount of sample transferred to the one or more of the detectors of
the chromatography system comprising changing the shape or size of at least one
shuttle valve rotor or stator, the shape or size of at least one stator or rotor chamber
or channel, or combinations thereof.

22. The method of Claim 1, wherein the amplitude of the signal is modified by the
detector design.

23. The method of Claim 22, wherein the amplitude of the signal is modified by
the detector design comprising the use of multiple detectors having different
components for each detector in the chromatography system.
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conputer software or a conputer readable nmedium 65. The apparatus of
Claim6l, wherein the anplitude of the signal is nodified by optical neans.
66. The appanatuedssf C aim 61, wherein the anplitude of PCmAIS3019033366 S
nodified by a light source in the one or nore of the detectors of the
chromat ography system 67. The apparatus of C aim 61, wherein the
anplitude of the signal is nodified by the chromatography system bei ng
operatively adapted to use a different |light source in each of the one or
nore of the detectors. 68. The apparatus of C aim 61, wherein the
anplitude of the signal is nodified by the chronmatography system being
oper at i veR4. adHir sethas olaplpin 72, wheesis ithe agwliwdpiqjribe sianptis maditied b¥ne or
nore of t 0l Sai hakU ' LN i

anpl i tudem(;ef qt@%gﬁisri g%sall?nis %@F‘?ﬁ@?ﬁsbt ﬁ%%ﬁ%%’g@o@?&ap y s@rg’tgtrrn gtrng
oper at i vetgmpergitsdot epaisietegion inghechrogiptogsepiicwstam™ each of the one or
nore of the detectors.

25. The method of Claim 1, wherein the amplitude of the signal is modified by
changing the physical properties of sample that reaches the one or more of the
detectors of the chromatography system.

26. The method of Claim 25, wherein the detector comprises an EPD and the
physical properties are changed by increasing size of sample particles, decreasing
number of small sample particles, or combinations thereof.

27. The method of Claim 25, wherein the detector comprises an EPD and the
physical properties are changed by use of at least one different impactor; different
drift tube; different nebulizer gas flow, nebulizer gas type, nebulizer gas temperature;
different inlet, drift tube, optics, or exhaust temperatures; or combinations thereof.

28. The method of Claim 25, wherein the detector comprises an EPD and the
physical properties are changed by use of at least one different flat plate impactor,
screen impactor, spherical impactor, elbow impactor, three dimensional impactor, or
other non-linear flow structure impactor, or combinations thereof.

29. The method of Claim 1, wherein the amplitude of the signal is modified by
changing the mechanical elements of the detector(s), such as nebulizer, drift tube,

or optics block design, or combinations thereof.

30. The method of Claim 1, wherein the amplitude of the signal is modified by
changing the operating conditions of the at least one detector.

31. The method of Claim 1, wherein the at least one detector comprises an
evaporative light scattering detector (ELSD).
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WO 2011/ 140345PCT/ US2011/ 035366 70. The apparatus of C aim 61, wherein the
anplitude of the signal is nodified by fluidic neans. 71. The apparatus of
Cl ai m 61,woherei4msshe anplitude of the signal is nodifi @dThg201he35366

chr omat ogr aphy system bei ng operatively adapted to vary the anmount of
sanple transferred to the one or nore of the detectors. 72. The apparatus
of Claim®6l, said apparatus further conprising a fluid transfer device
positioned in fluid conmmunication with and actively controlling fluid flow

to the ongzor THRY RelRieH@AE®n 1, WBerehBedgoidchioria@brdph@isfitémh coMyisesn the
anplitude of the si ginal Is nodified by the chromatography system being
oper at i velWP AdBpIeREIeGOPary t he anount of sanple transferred to the one or
nore of the detectors conprising changing the flow rate of the sanple
through the fluid transfer device.  74. The apparatus of Claim 72, wherein
the anpl i 8&de Ote Mgthad fifdrim . wiieren g ligyid chromatography system comprises

at least one detector selected from at least one UV detector, at least one
evaporative light scattering detector (ELSD), at least one mass spectrometer (MS),
at least one condensation nucleation light scattering detector (CNLSD), at least one
corona discharge detector, at least one refractive index detector (RID), at least one
fluorescence detector (FD), at least one chiral detector (CD), at least one
electrochemical detector (ED), or any combination thereof.

34. A computer readable medium having stored thereon compuier-executable
instructions for performing one or more of the method steps recited in any one of
Claims 1 to 33.

35. An apparatus capable of analyzing a sample using the method of any one of
Claims 1 to 33.

36.  An apparatus or apparatus component capable of contributing to an analysis
of a sample using the method of any one of Claims 1 to 33.

37. An apparatus or apparatus component capable of contributing to an analysis
of a sample using the computer readable medium of Claim 34.

38. A method of analyzing a sample, said method comprising the step of:

(a) generating a signal from one or more detectors in a liquid
chromatography system, the signal comprising a detection response component
from at least one detector; and

(b)  collecting a new sample fraction in a fraction collector in response to a
change in the signal;
wherein the sample fraction is less than or equal to about 100 mg.
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t he chromat ography system bei ng operatively adapted to vary the anmount of
sanple transferred to the one or nore of the detectors conprising changing
t he fl owwethiioft034ee sanpl e through the fluid transfer @®#eviuseo11/03866 The
apparatus of Claim72, wherein the anplitude of the signal is nodified by
t he chromat ography system bei ng operatively adapted to vary the anmount of
sanple transferred to the one or nore of the detectors conprising using
multiple fluid transfer devices. 76. The apparatus of Claim 72, wherein

the anpli f.y.de Rle HRthod S@hink 88 MEdEIEHe Rnidle HEIRBIQL RRRNYr BYsdiIed bei ng

operative %Oadagt ed to vary the anmount of sanple transferred to the one or
nmore of tAkoWd0BdGIssatldeasimpsi1d.ng i nterchangeabl e fluid transfer

devi ce conmponents. 77. The apparatus of Caim72, wherein the anplitude of
the signal is nodified by the chromatography system being operatively

adapt ed t #0varihea methasridelam 38ayperein Eéﬁgfpé&%@@l'qf’dsﬂ% oA opeawdte of the
det ect or syeQRiA4.Ng changi ng operating conditions of the fluid transfer
device. 78. The apparatus of Caim72, wherein the anplitude of the signal
is nodified by the chromatography system being operatively adapted to vary

the amoungs of RAIRLMOHGHIAIRY S hishoih e B8RS dBtFSiseladshAcR IRl

e
conpri si na changi ng the shape or size o east one conponent orgthe
fluid trafefteictiegetestors.79. The apparatus of O aim 72, wherein the fluid
transfer device conprises a shuttle valve, a splitter, or a punp.

42. The method of Claim 38, wherein the liquid chromatography system
comprises at least one detector selected from at least one UV detector, at least one
evaporative light scattering detector (ELSD), at least one mass spectrometer (MS),
at least one condensation nucleation light scattering detector (CNLSD), at least one
corona discharge detector, at least one refractive index detector (RID), at least one
fluorescence detector (FD), at least one chiral detector (CD), at least one
electrochemical detector (ED), or any combination thereof.

43. A method of analyzing a sample, said method comprising the step of:

(&) generating a signal from one or more detectors in a liquid
chromatography system, the signal comprising a detection response component
from at least one detector; and

(b)  collecting a new sample fraction in a fraction collector in response to a
change in the signal;
wherein the signal is generated by at least about 40 ul/min of sample provided to
the one or more detectors.

44. The method of Claim 43, wherein the sample is provided to the one or more
detectors in the liquid chromatography system via a fluid transfer device positioned
in fluid communication with the at least one detector.

45.  The method of Claim 44, wherein the fluid transfer device comprises a shuttle

valve, a splitter, or a pump.
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80. The apparatus of Caim79, wherein the anplitude of the signal is

nodi fi ed by the chromat ography system being operatively adapted to vary the
anount ofweanploissansferred to the one or nore of the ®EeTASR@NA3IIBEOPri Si ng
changi ng the shape or size of one or nore splitter conponents, shuttle

val ve conponents, or punp conponents. 81. The apparatus of C aim 79,
wherein the anplitude of the signal is nodified by the chromatography
system bei ng operatively adapted to vary the anount of sanple transferred

to the onggor TRY Mefiod HECIHRA 891 WhSreFmORB SigHaNg g{éﬂ@@éd‘gyhh%aﬁ@i&t@b si ze
of at least one shuttle valve rotor or stator, the shape or size of at

| east oneUkimip 6f sypPledireyidethioiheiongor aMuANeiectass. conbi nations t hereof. 82.
The apparatus of Caim 61 vvherel n the anplitude of the signal is nodified

by the detect or desi gn The apparatus of Claim 82, wherein the
anpl i t ude48f t giegwﬂof.@alﬁ%e?»fwwewh?ﬁ@n@hwwﬁwg%bw lest ahaUb8Png

oper at i ve|;y/nad dps&fplPromedid thb Rhe Haiseeteridiavi ng different conponents
for each of the one or nore detectors. 84. The apparatus of C aim 82,

wherein the anplitude of the signal is nodified by the chromatography
system beigg OoR@icthoy 6 #na%%@&gaﬁwﬁleu%d'nﬁ@tﬁé&@&ﬂﬁﬁ@%ﬁue@ﬁé&@ﬁ ors, or their

conponents, for each of the one or nore detectors
2011/ 140345PCTEUS2 GEILEY8366 SIal THEMa i LruNe CeIgterg1n wAeligiig t he

ampl |t udecbmiaiiferbenaysibm, MREside gt RIBHRET RaRNSE BbABLREINS

operatively adapted to vary the physical properties of sanple t reaches
t he one oﬁowtéew oppdetpstdcat s. " 86. The apparatus of O aim 85, wherein

the one or noreg, detc%ﬁéd?ahﬁ LREPELPPR RActbRash RIRBoFEEIRR ih Respanes td yde of
the signal is m)dl fied by the chromatography system being operatively

adapt ed t ghangeyn theesighglsi cal properties of sanple that reaches the optics
por ti on( syn&feirt tHe GNP ESeBord BEMPRIRCAPERSD a?n?i thé g RegéHrsedf T aim

61, wherein the one or nore detectors conprises at
from a light source of greater than about 1 mW.

49.  The method of Claim 48, wherein the signal is generated from a light source
of greater than about 2 mW.

50. The method of Claim 48, wherein the signal is generated from a light source
of greater than about 5 mW.

51. A method of analyzing a sample, said method comprising the step of:

(@) generating a signal from two or more detectors in a liguid
chromatography system, the signal comprising a detection response component
from at [east one detector; and

(b}  collecting a new sample fraction in a fraction collector in response to a
change in the signal;
wherein the two or more detectors comprise muliiple detectors having different
dynamic ranges.

52. The method of Claim 51, wherein the detectors comprise destructive and non-
destructive detectors.
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| east one EPD and the anplitude of the signal is nodified by the

chromat ogr aphy system bei ng operatively adapted to vary the physi cal
properti esoabligiangbe that reaches optics portion(s) of wPha/usa@1085360©r e
detectors by use of at |east one different inpactor; different drift tube;
di fferent nebulizer gas flow, nebulizer gas type, nebulizer gas
tenperature; different inlet, drift tube, optics, or exhaust tenperatures;
or conbi nations thereof. 88. The apparatus of C aim 61, wherein the one or

Tor e det egs of STIROMTAL{BAS of CfASE1 OWGFER F 1H0R RARIMALYRR! bfiferdl anal

@
is nodified by the chromatography 'system bei ng operati vel & gﬁa ted to vary
t he physi e@mppsespEreas ongrd | seledted ffﬁ@aﬁiﬂ%@"@ﬁﬁl%d%ﬁ F(ﬁi(’%@s’fﬁﬂet he one

O ror©, JBIALK AN it YES B RetbaBleLarg, 8 ! G b8 spBliRlfetbmAg of

screen i npact spherical | act or nmpact or, di me nal

i mpact or, ablea@ttcmcqrzﬂenﬁatmanueﬂeaér@nélghh%qaﬁeéng ﬁ@tﬁél%r(CNbSDbcﬁ%ﬁaﬁpﬂ@ns
t her eof . c&% -Br!a% %éélér % 1€dsR bR @%fradf?’(?@"rﬁie& deiéeténilibj L%ﬁ“?eﬁ%ft oh8e

signal is no |f|e by t hr omat ogr aphy system bei ng oEeratlve y adapt ed
to vary tHheorageangai datecir effdhi sa'foﬂeétsheﬂ'tﬁetcé’@@brf{eﬁgcwfs&@ )-a8t neasll oper

drift tubge 06 r%IPMbél%e‘EHc%‘rgE@S, %ﬁg cBhbiREBA ﬂ?ér?@f“s thereof. WO
2011/ 140345PCT/ US2011/ 035366 90. The apparatus of Caim 611 wherein the

anplitude of the signal is nodified by the chronmatography system bei ng

ggte;gt 'Oygéa adﬁg& .%tﬁo% H | Nirrl ?19 Wéuﬁ%é‘ﬂ%&ﬂ%@ (?ﬂécteﬂ(s cfdg?preewﬁ Olémr e

par at us m 61 erein the at |east one detector
conpri ses %lﬁc@f/%@‘dhatsﬁm@ typeywith diterens dyngmigeasgesor ( ELSD).

55. The method of Claim 54, wherein the two or more detectors comprise multiple
ELSDs.

56. The method of Claim 51, wherein the two or more detectors comprise muitiple
detectors of the different types with different dynamic ranges.

57. The method of Claim 56, wherein the two or more detectors comprise at least
one ELSD and one UV detector with different dynamic ranges.

58. The method of Claim 51, wherein the two or more detectors comprise at least
one detector having two or more zones with different dynamic ranges.

59. The method of Claim 58, wherein the at least one detector comprises an
ELSD with multiple light sources having different power levels.

60. The method of Claim 58, wherein the at least one detector comprises a UV
detector with multiple flow cells having different path lengths.

61. An apparatus for analyzing a sample, said apparatus comprising:

(a) system hardware operatively adapted to generate a signal from one or
more detectors in a liguid chromatography system, the signal comprising a detection
response component from one or more detectors; and
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92. An apparatus for analyzing a sanple, said apparatus conpri sing:

(a) system hardware operatively adapted to generate a signal fromone or
nore det ewOa@nsl/i40348 | i qui d chronmat ography system the siPgmaiS2€00p3366i ng a
detection response conponent from one or nore detectors; and (b) a
fraction collector operatively adapted to collect a new sanple fraction in
response to a change in the signal; wherein the |iquid chromatography
systemis operatively adapted to collect the sanple fraction of |ess than

or equal to ahgyt L08dBn c%ﬁbc-{_&}eop%‘?%ﬁ%t 1089% Igc%u'ilgétgﬁznew\’@% I‘erfratclﬂgnsa”pl e

fractlonlslessthan or equal to at |east aout
94. The apihdeaRensede a@f@naemzthe\ﬂmaél n the sarrpl e fraction is |ess than or

caual L0 §htin e Houd ScibAaRHRAIY s b 2bfldfvel Riafhey WBe gt or s
amplitude of the signal.

62. The apparatus of Claim 61, wherein the amplitude of the signal is modified by
electronic or digital means.

63. The apparatus of Claim 61, wherein the amplitude of the signal is modified by
a component of the chromatography system being operatively adapted to change
the gain of the signal.

64. The apparatus of Claim 61, wherein the amplitude of the signal is modified by
computer software or a computer readable medium.

65. The apparatus of Claim 61, wherein the amplitude of the signal is modified by
optical means.

66. The apparatus of Claim 61, wherein the amplitude of the signal is modified by
a light source in the one or more of the detectors of the chromatography system.

67. The apparatus of Claim 61, wherein the amplitude of the signal is modified by
the chromatography system being operatively adapted to use a different light source
in each of the one or more of the detectors.

68. The apparatus of Claim 61, wherein the amplitude of the signal is modified by
the chromatography system being operatively adapted to vary the intensity of a light
source in the one or more of the detectors.

69. The apparatus of Claim 61, wherein the amplitude of the signal is modified by

the chromatography system being operatively adapted to use multiple light sources
in each of the one or more of the detectors.
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non-destructive detectors. 96. The apparatus of Caim92, wherein the liquid
chromat ography system conpri ses at | east one detector selected from at

| east onewOModenesssor, at | east one evaporative |ight seariuseemng3zses ect or
(ELSD), at |east one mass spectroneter (MS), at |east one condensation

nucl eation |ight scattering detector (CNLSD), at |east one corona discharge
detector, at |east one refractive index detector (RID), at |east one
fluorescence detector (FD), at |least one chiral detector (CD), at |east one
el ect rochgoi carhdgbmesios of ERim @i, whayeis tdbamplituos of thersigfal is MBUified by

2011/ 14031}5PCT/ USZOll/ 035366 97. An apparatus for analyzing a sanple, said
appar at us/1¥ ﬁﬁ?‘?@] ng: (a) system hardware operatively adapted to
generate a signal from one or nore detectors in a |iquid chronmatography

system t si.gnal co det ect.i n r esponse, conpo nt fr ne or
o e et elior stheRparats of Ffffm e pigfain e SR EORS B GRS FmoUBaagYed 1 o
\(,:\ﬁl | ect ath@mhr@r&ﬁmbmr?‘h&&%ﬂeﬂﬂb@mg bpeRdnsy a‘d@pt@d@dﬂw@ell‘lé antgmat &d@ﬁmﬂe
ereint r omat ogr ap mis operatively adapted to generate

the si gnara'?ﬁf%rﬁ‘?da% tﬁ@é’é’f’ 0558%?5? O%‘etfﬁ?ﬁtﬂ Sof sanple provided to the one or
nore detectors.

72. The apparatus of Claim 61, said apparatus further comprising a fluid transfer

device positioned in fluid communication with and actively controlling fluid flow to the

one or more detectors.

73.  The apparatus of Claim 72, wherein the amplitude of the signal is modified by
the chromatography system being operatively adapted to vary the amount of sample
transferred to the one or more of the detectors comprising changing the flow rate of
the sample through the fluid transfer device.

74.  The apparatus of Claim 72, wherein the amplitude of the signal is modified by
the chromatography system being operatively adapted to vary the amount of sample
transferred to the one or more of the detectors comprising changing the flow path of
the sample through the fluid transfer device.

75. The apparatus of Claim 72, wherein the amplitude of the signal is modified by
the chromatography system being operatively adapted to vary the amount of sample
transferred to the one or more of the detectors comprising using multiple fluid
transfer devices.

76. The apparatus of Claim 72, wherein the amplitiude of the signal is modified by
the chromatography system being operatively adapted to vary the amount of sample
transferred to the one or more of the detectors comprising using interchangeable
fluid transfer device components.

77. The apparatus of Claim 72, wherein the amplitude of the signal is modified by
the chromatography system being operatively adapted to vary the amount of sample
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98. The apparatus of Claim97, wherein the sanple is provided to the one or
nore detectors in the liquid chromatography systemvia a fluid transfer

devi ce pospbom@m4sn fluid communi cation with the at | east/use@1d8i3e€t or .

99. The apparatus of Claim 98, wherein the fluid transfer device conprises a
shuttle valve, a splitter, or a punp. 100. The apparatus of C aim 97,
wherein the signal is generated by at | east about 50 uL/m n of sanple
provided to the one or nore detectors. 101. The apparatus of C aim 97,

wher ei n t gnsrb@B@ltol hedSME Rt RErDY! Ate R AR ora M prizthgl bhaRdin@lopeaiil e
provided to the one or nore detectors. 102. An apparatus for analyzing a

sanpl e, s&PRflitignsaf dhe Buid Higpeles dayce- (a) system hardware operatively
adapted to generate a signal fromone or nore detectors in a liquid

chromat ogr aphy_system the signal conprising a detection response conponent
from one 6% nol #RAaeiUs S Clajiy/2, whereip e amplityde phihecignadis Hrdipd PYL i vel y

adapt Ffﬂ t theCrbaiogaphyeySRIPbEInh 0608l 'aBapRARGNES the athdthBBGsarhplet Ne
st ghat. transferred to the one or more of the detectors comprising changing the shape or

size of at least one component of the fluid transfer device.

79. The apparatus of Claim 72, wherein the fluid transfer device comprises a
shutile valve, a splitter, or a pump.

80. The apparatus of Claim 79, wherein the amplitude of the signal is modified by
the chromatography system being operatively adapted to vary the amount of sample
transferred to the one or more of the detectors comprising changing the shape or
size of one or more splitter components, shuttle valve components, or pump
components.

81. The apparatus of Claim 79, wherein the amplitude of the signal is modified by
the chromatography system being operatively adapted to vary the amount of sample
transferred to the one or more of the detectors comprising changing the shape or
size of at least one shuttle valve rotor or stator, the shape or size of at least one
stator or rotor chamber or channel, or combinations thereof.

82. The apparatus of Claim 61, wherein the amplitude of the signal is modified by
the detector design.

83. The apparatus of Claim 82, wherein the amplitude of the signal is modified by
the chromatography system being operatively adapted to use multiple detectors
having different components for each of the one or more detectors.

84. The apparatus of Claim 82, wherein the amplitude of the signal is modified by

the chromatography system being operatively adapted to use interchangeable
detectors, or their components, for each of the ene or mare detectors.
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wherein the one or nore detectors conprises an ELSD and the signal is
generated froma |ight source of greater than about 1 nmW 103. The

appar at uswof20G/@p3¥s 102, wherein the signal is generatedPCrarse@1losgphé source
of greater than about 2 mW 104. The apparatus of C aim 102, wherein the
signal is generated froma |ight source of greater than about 5 nW 105. An
apparatus for analyzing a sanple, said apparatus conpri sing: (a)
system hardware operatively adapted to generate a signal fromtw or nore
detectors in a liquid chromatography system the signal corrpri si ng a
detection _response conponent from one or nore detectors;

fraction 8%l | eCiopPRipaMEC! (Al Glgaheeain the applitade Oﬁth@é}@%fﬁﬁp@d’f'?%éh on |an

response ff %h%}ﬁ&ggraﬁpﬂyt&%t&hg'ﬂ@hg \Wperielyt BRapte & uawethée?ﬁyé;&ns
conprises nulti etectors having different dynam c ranges The

appar at usp@Pe@eﬁl%ﬁi@!?'e hakiearhes tﬁ@ e8P OF HRIeEeSdest ruct i ve and
non-destructive detectors. 107. The apparatus of C aim 105, wherein the

| i qui d chromat ography system corrgrl ses at | east one detector selected from
at | east 8fe UVejapraalys of flaim:g it WRRTBINEHE sHieRT ere JefRstosceartisen

detector (BE5SENe EFD hR&She @Hﬁ:llimé%fﬁﬁ@%ﬁg’n@ﬂ%t :%diﬂ‘llé@)ob% Ak dhﬁﬁﬁéto@ﬂ&%hy
condensation nucleation |ight scattering detector , at | east” one

corona di SYSHRIP feeingopetadively adapiads fo yae Pr@r Pla)@qabé)rwﬁfée@ absaeply thak D), at

| east onerdacHES #iCties pdRbAE) oF tHefdle ordhoreAMe @88ctRy. ral detector (CD), at
| east one el ectrochem cal detector (ED), or any conbination thereof. 108.

The apparatus of C aim 105, wherein the two or nore detectors conprise
mul tiple getectqy sprafuB o Laam 5Y,Penetbinltndidnkesanbredydiedbls daREREs at

least one EPD and the amplitude of the signal is modified by the chromatography
system being operatively adapted to vary the physical properties of sample that
reaches optics portion(s) of the one or more detectors by use of at least one
different impactor; different drift tube; different nebulizer gas flow, nebulizer gas
type, nebulizer gas temperature; different inlet, drift tube, optics, or exhaust
temperatures; or combinations thereof.

88. The apparatus of Claim 61, wherein the one or more detectors comprises at
least one EPD and the amplitude of the signal is modified by the chromatography
system being operatively adapied to vary the physical properties of sample that
reaches optics portion(s) of the one or more detectors by use of at least one
different flat plate impactor, screen impactor, spherical impactor, elbow impactor,
three dimensional impactor, or other non-linear flow structure impactor, or
combinations thereof.

89. The apparatus of Claim 61, wherein the amplitude of the signal is modified by
the chromatography system being operatively adapted to vary the mechanical
elements of the detector(s), such as nebulizer, drift fube, or optics block design, or
combinations thereof.
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109. The apparatus of C aim 108, wherein the two or nore detectors conprise
mul tiple ELSDs. 110. The apparatus of O aim 105, wherein the two or nore
det ect or swoanmwri4s®snul ti pl e detectors of the different Prgpas2eobs3dé ffer ent
dynam c ranges. 111. The apparatus of Claim 110, wherein the two or nore
detectors conprise at |east one ELSD and one UV detector with different
dynam c ranges. 112. The apparatus of C aim 105, wherein the two or nore
detectors conprise at | east one detector having two or nore zones with

differ entg@iynamé:amma% of Cleld- 61T%eﬁ#i>rpﬁ’feaérb|?ht9<ﬂe 61 tkEighbPis Mb@fi&d pyt he at
| east one det ect or gﬁl’l ses an ELSD with nu | e | ight sources having

di ff erentt ﬁoﬁ}éﬁom%‘?@ﬁ Y syslem ThRING pRaralively (ﬁda@teg, R 1‘@23/ fWeePREIRINGe at
| east onecdirkitRBE @F tHOGHY bSR6realdibetgit ector with nmultiple flow cells having

di fferent path | engths.
91. The apparatus of Claim 61, wherein the at least one detector comprises an
evaporative light scattering detector (ELSD).

92.  An apparatus for analyzing a sample, said apparatus comprising:

(a)  system hardware operatively adapted to generate a signal from one or
more detectors in a liquid chromatography system, the signal comprising a detection
response component from one or more detectors; and

(b)  a fraction collector operatively adapted to collect a new sample fraction
in response to a change in the signal;
wherein the liquid chromatography system is operatively adapted to collect the
sample fraction of less than or equal to about 100 mg.

93. The apparatus of Claim 92, wherein the sample fraction is less than or equal
to about 100 mg to at least about 0.1 mg.

94. The apparatus of Claim 92, wherein the sample fraction is less than or equal
to about 90 mg.

95. The apparatus of Claim 92, wherein the detectors comprise destructive and
non-destructive detectors.

96. The apparatus of Claim 92, wherein the liquid chromaiography system
comprises at least one detector selected from at least one UV detector, at least one
evaporative light scattering detector (ELSD), at least one mass spectrometer (MS),
at least one condensation nucleation light scattering detector (CNLSD), at least one
corona discharge detector, at least one refractive index detector (RID), at least one
fluorescence detector (FD), at least one chiral detector (CD), at least one
electrochemical detector (ED), or any combination thereof.
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97.  An apparatus for analyzing a sample, said apparatus comprising:

(a) system hardware operatively adapted to generate a signal from one or
more detectors in a liquid chromatography system, the signal comprising a detection
response component from one or more detectors; and

(b)  a fraction collector operatively adapted to collect a new sample fraction
in response to a change in the signal;
wherein the liquid chromatography system is operatively adapted to generate the
signal from at least about 40 ul/min of sample provided to the one or more
detectors.

98. The apparatus of Claim 97, wherein the sample is provided to the one or
more detectors in the liquid chromatography system via a fluid transfer device
positioned in fluid communication with the at least one detector.

99. The apparatus of Claim 98, wherein the fluid fransfer device comprises a
shuttle valve, a splitter, or a pump.

100. The apparatus of Claim 97, wherein the signal is generated by at least about
50 ul/min of sampie provided to the one or more detectors.

101. The apparatus of Claim 97, wherein the signal is generated by at least about
60 ul/min of sample provided to the one or more detectors.

102. An apparatus for analyzing a sample, said apparatus comprising:

(a) system hardware operatively adapted to generate a signal from one or
more detectors in a liquid chromatography system, the signal comprising a detection
response component from one or more detectors; and

(b)  a fraction collector operatively adapted to collect a new sample fraction
in response to a change in the signal;
wherein the one or more detectors comprises an ELSD and the signal is generated
from a light source of greater than about 1 mW.
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103. The apparatus of Claim 102, wherein the signal is generated from a light
source of greater than about 2 mW.

104. The apparatus of Claim 102, wherein the signal is generated from a light
source of greater than about 5 mW.

105. An apparatus for analyzing a sample, said apparatus comprising:

(a)  system hardware operatively adapted to generate a signal from two or
maore detectors in a liquid chromatography system, the signal comprising a detection
response component from one or more detectors; and

(b) a fraction collector operatively adapted to collect a new sample fraction
in response o a change in the signal;
wherein the two or more detectors comprises mulliple detectors having different
dynamic ranges.

106. The apparatus of Claim 105, wherein the detectors comprise destructive and
non-destructive detectors.

107. The apparatus of Claim 105, wherein the liquid chromatography system
comprises at least one detector selected from at least one UV detector, at least one
evaporative light scattering detector (ELSD), at least one mass spectrometer (MS),
at least one condensation nucleation light scattering detector (CNLSD), at least one
corona discharge detector, at least one refractive index detector (RID), at least one
fluorescence detector (FD), at least one chiral detector (CD), at least one
electrochemical detector (ED), or any combination thereof.

108. The apparatus of Claim 105, wherein the iwo or more detectors comprise
multiple detectors of the same type with different dynamic ranges.

108. The apparatus of Claim 108, wherein the two or more detectors comprise
multiple ELSDs.
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110. The apparatus of Claim 105, wherein the two or more detectors comprise
multiple detectors of the different types with different dynamic ranges.

111. The apparatus of Claim 110, wherein the two or more detectors comprise at
least one ELSD and one UV detector with different dynamic ranges.

112. The apparatus of Claim 105, wherein the two or more detectors comprise at
least one detector having two or more zones with different dynamic ranges.

113. The apparatus of Claim 112, wherein the at least one detector comprises an
ELSD with multiple light sources having different power levels.

114. The apparatus of Claim 112, wherein the at least one detector comprises a
UV detector with multiple flow cells having different path lengths.
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